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VI TO THE STUDENT 

you ["ill with your own writing in .studying dur- 
ing the term. 

5. Learn by teaching and explaining. Study with 
your student peers and practice explaining con- 
cepts and mechanisms to each other: Use the 
Learning Group Problems and other exercises 
your instructor may assign as vehicles for teach- 
ing and learning interactively with your peers. 

6. Use the answers to the problems in the Study 
Guide in the proper way. Refer to the answers 
only in two circumstances' ( I ) When yon have 
finished a problem, use the Study Guide to check 
your answer. (2) When, after milking a real ef- 
fort to solve the problem, you find that you are 
completely stuck, then look at the answer for a 
clue and go back to work out the problem on 
your own. The value of a problem is in solving 
it. If you simply read the problem and look up 
the answer, you will deprive yourself of an im- 
portant way to learn. 

7. Use the introductory material in the Study 
Guide entitled "Solving the Puzzle — or — 
Structure Is Everything (Almost)" as a bridge 



from general chemistry to your beginning study 
of organic chemistry. You might find this section 
helpful as a way to see the relevance to organic 
chemistry of some of the concepts you learned 
in general chemistry, while at the same time re- 
freshing these ideas in your mind and gearing 
you up to study organic chemistry. It is also 
meant to help you see that an understanding of 
certain fundamental principles, largely having to 
do with structure, can help immensely to reduce 
the complexity of the puzzle you may feel lies 
ahead of you. Indeed, once you have a firm un- 
derstanding of structure, the puzzle of organic 
chemistry can become one of very manageable 
size and comprehensible pieces. 

Use molecular models when you study. Be- 
cause of the three-dimensional nature of most or- 
ganic molecules, molecular- models can be an in- 
valuable aid to your understanding of them. Buy 
yourself an inexpensive molecular model set and 
use it when you need to see the three-dimensional 
aspect of the patticular topic. An appendix in the 
Study Guide provides a set of highly useful mo- 
lecular model exercises. 
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"Solving the Puzzle" 

"Structure Is Everything (Almost)" 



As you begin your study of organic chemistry it may seem like a puzzling subject. In fact, 
in many ways organic chemistry is like a.puzzle — a jigsaw puzzle. But it is a jigsaw puz- 
zle with useful pieces, and a puzzle with fewer pieces than perhaps you first thought. In 
order to put a jigsaw puzzle together you must consider the shape of the pieces and how 
one piece fits together with another. In other words, solving a jigsaw puzzle is about 
structure. In organic chemistry, molecules are the pieces of the puzzle. Much of organic 
chemistry, indeed life itself, depends upon the fit of one molecular puzzle piece with an- 
other. For example, when an antibody of our immune system acts upon a foreign sub- 
stance, it is the puzzle-piece-like fit of the antibody with the invading molecule that allows 
"capture" of the foreign substance. When we smell the sweet scent of a rose, some of the 
neural impulses are initiated by the fit of a molecule called geraniol in an olfactory recep- 
tor site in our nose. When an adhesive binds two surfaces together, it does so by billions of 
interactions between the molecules of the two materials. Chemistry is truly a captivating 
subject. 

As vou make the transition from your study of general to organic chemistry, it 
is important that you solidify those concepts that will help you understand the structure 
of organic molecules A number of concepts are discus/sed below using several examples. 
It is suggested that you consider the examples and the explanations given, and refer to in- 
formation from your general chemistry studies when you need more elaborate informa- 
tion. There are also occasional references below to sections in your text. Solomons's 
and Fryhle"s Organie Clwmistry. because some of what follows foreshadows what you 
will learn in the course. 



SOME FUNDAMENTAL PRINCIPLES WE NEED TO CONSIDER 




What do we need to know to understand the structure of organic molecules? First, we need 
to know where electrons are located around a given atom. To understand this we need to 
recall from general chemistry the ideas of electron configuration and valence shell elec- 
tron orbilals, especially in the case of atoms such as carbon, hydrogen, oxygen, and nitro- 
gen. We also need to use Lewis valence shell electron structures. These concepts are 
useful because the shape of a molecule is defined by its constituent atoms, and the place- 
ment of the atoms follows from the location of the electrons that bond the atoms. Once we 
have a Lewis structure for a molecule, we can consider orbital hybridization and valence 
shell electron pair repulsion (VSEPR) theory in order to generate a three-dimensional 
image of the molecule. 

Secondly, in order to understand why specific organic molecular puzzle pieces fit 
together we need to consider the attractive and repulsive forces between them. To under- 
stand this we need to know how electronic charge is distributed in a molecule. We must 
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use tools such as formal charge and electronegativity. That is, we need to know which 
parts of a molecule are relatively positive and which are relatively negative-in other 
words, their polarity. Associations between molecules strongly depend on both shape and 
the complementarity of their electrostatic charges (polarity). 

When it comes to organic chemistry it will be much easier for you to understand 
why organic molecules have certain properties and react the way they do if you have an 
appreciation for the structure of the molecules involved. Structure is, in fact, almost every- 
thing in that whenever we want to know why or how something works we look ever more 
deeply into its structure. This is true whether we are considering a toaster, jet engine, or an 
organic reaction. If you can visualize the shape of the puzzle pieces in organic chemistry 
(molecules), you will see more easily how they fit together (react). 

SOME EXAMPLES 

In order to revtew some of the concepts that will help us understand the structure of or- 
ganic molecules, let's consider three very important molecules-water, methane, and 
methanol (methyl alcohol). These three are small and relatively simple molecules that 
have certain similarities among them, yet distinct differences that can be understood on 
the basis of their structures. Water is a liquid with a moderately high boding point that 
does not dissolve organic compounds well. Methanol is also a liquid, with a lower boiling 
point than water, but one that dissolves many organic compounds easily. Methane is a gas, 
haviti" a boiling point well below room temperature. Water and methanol will disso ve in 
each other, that is, they are miscible. We shall study the structures of water, methanol, and 
methane because the principles we learn with these compounds can be extended to much 
larger molecules. 



Water 



HOH 



Let's consider the structure of water, beginning with the central oxygen atom. Recall that 
the atonuc number (the number of protons) for oxygen is eight. Therefore, an oxygen 
atom also has eight elections. (An ion may have more or less electrons than the atomic 
number for the element, depending on the charge of the ion.) Only the valence (outermost) 
shell electrons are involved in bonding. Oxygen has six valence electrons— that is, six 
electrons in the second principal shell. (Recall that the number of valence electrons is ap- 
parent from the group number of the element in the periodic table, and the row number for 
the element is the principal shell number for its valence electrons.) Now, let's consider the 
electron configuration for oxygen. The sequence of atomic orbitals for the first three shells 
of any atom is shown below. Oxygen uses only the first two shells in its lowest energy 
state. 

Is, 2s, 2p x , 2py, 2p z , 3s, Jfe, %, Ifik 
The p orbitals of any given principal shell (second, third, etc.) are of equal energy .Re- 
call also that each orbital can hold a maximum of two electrons and that each orbital 
must accept one electron before a second can reside there (Hund's rule). So, for oxygen 
we place two electrons in the h orbital, two in the 2s orbital, and one in each of the 2p 
orbitals for a subtotal of seven electrons. The final eighth electron is paired with an- 
other in one of the 2p orbitals. The configuration for the eight electrons ot oxygen is, 
therefore 



where the superscript numbers indicate how many electrons are in each orbital. In terms of 
relative energy of these orbitals, the following diagram can be drawn. Note that the three 
2p orbitals are depicted at the same relative energy level. 
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Now, let's consider the shape of these orbitals. The shape of an s orbital is that of a sphere 
with the nucleus at the center. The shape of each p orbital is approximately that of a 
dumbbell or lobe-shaped object, with the nucleus directly between the two lobes. There is 
one pair of lobes for each of the three p orbitals (p v p v , p.), and they are aligned along the 
x, y, and z coordinate axes, with the nucleus at the origin Note that this implies that the 
three p orbitals are at 90° angles to each other. 





an s orbital 



P X 'PyP z orbitals 



Now, when oxygen is bonded to two hydrogens, bonding is accomplished by the sharing 
of an electron from each of the hydrogens with an unpaired electron from the oxygen. This 
type of bond, involving the sharing of electrons between atoms, is called a covalent bond. 
The formation of covalent bonds between the oxygen atom and the two hydrogen atoms is 
advantageous because each atom achieves a full valence shell by the sharing of these elec- 
trons. For the oxygen in a water molecule, this amounts to satisfying the octet rule. 

A Lewis structure for the water molecule (which shows only the valence shell electrons) 
is depicted in the following structure. There are two nonbonding pairs of electrons around 
the oxygen as well as two bonding pairs. 



O 
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In the left-hand structure the six valence electrons contributed by the oxygen are shown as 
dots, while those from the hydrogens are shown as x"s. This is done strictly for bookkeeping 
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purposes All electrons are. of course, identical. The right-hand structure uses the convention 
that a bondins parr of electrons car, be shown by a single line between the bonded atoms. 

This structural model for water is only z first approximation, however. While it is a 

proper Lewis structure for water, it is not an entirely correct three-dimensional structure. It 

micht appear that the angle between the hydrogen atoms (or between any two pairs of electrons 

in a water molecule) would be 90', but this is not what the true angles are tn a water molecule. 

The anrie between the two hydrogens is in fact about 105=, and the nonbonding electron parrs 

axe ,n a "different plane than the hydrogen atoms. The reason for this arrangement is that groups 

of bondine and nonbonding electrons tend to repel each other due to the negative charge of the 

electrons "Tims, the ideal angles between bonding and nonbonding groups of electrons are 

those angles that allow maximum separation in three-dimensional 9"*™^^-** 

theory built around it are called the valence shell electron pair repuls.on (VSEPR) theory. 

VSEPR theory predicts that the ideal separation between four groups of electrons 

around an atom is 109.5", the so-called tetrahedral angle. At an angle of 109.3= all four 

electron groups are separated equally from each other, being oriented toward the corners 

of a regular tetrahedron. The exact tetrahedral angle of 109.5" is found in structures where 

the four croups of electrons and bonded groups are identical. 

In water there are two different types of electron groups-pairs bonding the hy- 
drogens with the oxygen and nonbonding pairs. Nonbonding electron pairs repel each 
other with ereater force than bonding pairs, so the separation between them is greater. 
Consequently the angle between the pairs bonding the hydrogens to the oxygen ma water 
molecule is compressed slightly from 109.5', being actually about 105= As we shall see 
shortly the anele between the four groups of bonding electrons in methane (CH4) <s the 
ideal tetrahedral angle of 109.5=. This is because the four groups of electrons and bound 
atoms are identical in a methane molecule. 



HMi 
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Orbital hvbridization is the reason that 109.5= is the ideal tetrahedral angle. As 
noted earlier, an I orbital is spherical, and each p orbital is shaped like two symmetrical 
lobes ali-med alontt the ,. v, and z coordinate axes. Orbital bybridizatton involves taking a 
weighted averase "of the valence electron orbitals of the atom, resulting m the same num- 
ber of new hybridized orbitals. With four groups of valence electrons, as in the structure of 
water one 5 orbital and three p orbitals from the second pnncipal shell in oxygen a« hy- 
bridized (the & and 2 Px , 2 Pi . and 2ft orb.tals). The result is four new hybrid orbitals of 
equal energy designated as f orbitals (instead of the original three p orbitals and 
orbital) Each of the four q? orbitals has roughly 25% .character and K%f character. 
The oeometric result is that the major lobes of the four V orbitals are oriented toward the 
comers of a tetrahedron with an angle of 109.5= between them. 




sp3hybrid orbitals 
(109.5° angle between lobes) 
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In the case of the oxygen in a water molecule, where two of the four sp^ orbitals 
are occupied by nonbonding pairs, the angle of separation between them is larger than 
109.5= due to additional electrostatic repulsion of the nonbonding pairs. Consequently, the 
angle between the bonding electrons is slightly smaller, about 105°. 

More detail about orbital hvbridization than provided above is given in Sections 
I 10-1.14 of Organic Chemistry. With that greater detail it will be apparent from con- 
sideration of orbital hybridization that for three groups of valence elections the ideal sep- 
aration is 120= (trigonal planar), and for two groups of valence electrons the ideal sepa- 
ration is ISO (linear). VSEPR theory allows us to come to essentially the same conclusion 
as by the mathematical hybridization of orbitals. and it will serve us for the moment in 
predicting the three-dimensional shape of molecules. 



Methane 



CH d 



Now let's consider the structure of methane (CH 4 ). In methane there is a central carbon 
atom bearing four bonded hydrogens. Carbon has six elections in total, with four of them 
being valence electrons. (Carbon is in Group 4 in the periodic table.) In methane each va- 
lence electron is shared with an electron from a hydrogen atom to form four covalent 
bonds. This information allows us to draw a Lewis structure for methane (see below). 
With four groups of valence electrons the VSEPR theory allows us to predict that the 
three-dimensional shape of a methane molecule should be tetrahedral, with an angle of 
109.5= between each of the bonded hydrogens. This is indeed the case. Orbital hybridiza- 
tion arguments can also be used to show that there are four equivalent sp 1 hybrid orbitals 
around the carbon atom, separated by an angle of 109.5°. 
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All H-C-H anales ate 109.5'. 



The structure at the far right above uses the dash-wedge notation to indicate three dimen- 
sions. A solid wedge indicates that a bond projects out of the paper toward the reader. A 
dashed bond indicates that it projects behind the paper away from the viewer. Ordinary 
lines represent bonds in the plane of the paper. The dash-wedge notation is an important 
and widely used tool for depicting the three-dimensional structure of molecules. 



Methanol 



CH a OH 



Now let's consider a molecule that incorporates structural aspects of both water and 
methane. Methanol (CH 3 OH), or methyl alcohol, is such a molecule. In methanol, a central 
carbon atom has tiiree hydrogens and an O-H group bonded to it. Tlrree of the four valence 
electrons of the carbon atom are shared with a valence electron from the hydrogen atoms, 
forming three C-H bonds. The fourth valence electron of the carbon is shared with a valence 
electron from the oxygen atom, forming a C-O bond. The carbon atom now has an octet of 
valence electrons through the formation of four covalent bonds. The angles between these 
four covalent bonds is very near the ideal tetrahedral angle of 109.5°, allowing maximum 
separation between them. (The valence orbitals of the carbon are jp 3 hybridized.) At the 
oxygen atom, the situation is veiy similar to that in water. The oxygen uses its two unpaired 
valence elections to form covalent bonds. One valence electron is used in the bond with the 
carbon atom, and the other is paired with an electon from the hydrogen to form the O — H 
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bond The remainina valence electrons of the oxygen are present as two nonbondmg pairs, 
just as in water The angles separating the four groups of electrons around the oxygen are 
thus near the ideal angle of 109.5=, but reduced slightly in the C-O-H angle due to repulsion 
by the two nonbondine pairs on the oxygen. (The valence orbitals of the oxygen are also sp 
hybridized since there are four groups of valence electrons.) A Lewis structure for methanol 
is shown below, along with a three-dimensional perspective drawing. 
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THE "CHARACTER" OF THE PUZZLE PIECES 

With a mental image of the three-dimensional structures of water, methane, and methanol 
we can ask how the structure of each, as a "puzzle piece," influences the interaction of 
each molecule with identical and different molecules. In order to answer this question we 
have to move one step beyond the three-dimensional shape of these molecules. We need to 
consider not only the location of the electron groups (bonding and nonbondmg) but also 
the distribution of electronic charge in the molecules 

First we note that nonbonding electrons represent a locus of negative charge, more 
so than electrons involved in bonding. Thus, water would be expected to have some partial 
negative charge localized in the region of the nonbonding electron pairs of the oxygen. 
The same would be true for a methanol molecule. 
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Secondly the phenomenon of electronegativity influences the distribution of elec- 
trons and hence the charge in a molecule, especially with respect to electrons in covalent 
bonds Electronegativity is the propensity of an element to draw electrons toward it in a 
covalent bond. The trend among elements is that of increasing electronegativity toward 
the upper ri°ht corner of the periodic table. (Fluorine is the most electronegative element ) 
By observing the relative locations of carbon, oxygen, and hydrogen in the periodic table, 
we can see that oxygen is the most electronegative of these three elements. Carbon is more 
electronegative than hydrogen, although only slightly. Oxygen is significantly more elec- 
tronegative than hydrogen. Thus, there is substantial separation of charge in a water mole- 
cule due not only to the nonbonding electron pairs on the oxygen but also to the greater 
electronegativity of the oxygen with respect to the hydrogens. The oxygen tends to draw 
electron density toward itself in the bonds with the hydrogens, leaving the hydrogens par- 
tially positive. The resultina separation of charge is called polarity. The oxygen-hydro- 
aen bonds are called polar covalent bonds due to this separation of charge. If one consid- 
ers the net effect of the two nonbonding electron pairs in a water molecule as being a 
region of negative charge, and the hydrogens as being a region of relative positive charge, 
it is clear that a water molecule has substantial separation of charge, or polarity. 



An analysis of polarity for a methanol molecule would proceed similarly to that for 
water Methanol, however, is less polar than water because only one O-H bond is present. 
Nevertheless, the region of the molecule around the two nonbonding electron pairs of the 
oxygen is relatively negative, and the region near the hydrogen is relatively positive. The 
electronegativity difference between the oxygen and the carbon is not as large as that be- 
tween oxygen and hydrogen, however, so there is less polarity associated with the C-0 
bond. Since there is even less difference in electronegativity between hydrogen and car- 
bon in the three C-H bonds, these bonds contribute essentially no polarity to the molecule. 
The net effect for methanol is to make it a polar molecule, but less so than water due to the 
nonpolar character of the CH 3 region of the molecule. 




Now let's consider methane. Methane is a nonpolar molecule. This is evident first 
because there are no nonbonding electron pairs, and secondly because there is relatively 
little electronegativity difference between the hydrogens and the central carbon. Further- 
more, what little electronegativity difference there is between the hydrogens and the cen- 
tral carbon atom is negated by the symmetrical distribution of the C-H bonds in the tetra- 
hedral shape of methane. The slight polarity of each C-H bond is canceled by the 
symmetrical orientation of the four C-H bonds. If considered as vectors, the vector sum of 
the four slightly polar covalent bonds oriented at 109.5° to each other would be zero. 
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The same analysis would hold true for a molecule with identical bonded groups, 
but groups having electronegativity significantly different from carbon, so long as there 
were symmetrical distribution of the bonded groups. Tetrachloromethane (carbon tetra- 
chloride) is such a molecule. It has no net polarity. 
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INTERACTIONS OFTHE PUZZLE PIECES 

Now that you have an appreciation for the polarity and shape of these molecules it is pos- 
sible to see how molecules might interact with each other. The presence of polarity in a 
molecule bestows upon it attractive or repulsive forces in relation to other molecules .1 he 
negative part of one molecule is attracted to the positive region of another. Conversely, it 
there is little polarity in a molecule, the attractive forces it can exert are very small [though 
not completely nonexistent, due to van der Waals forces (Section 114D in Orgamc Chem- 
bttvU Such effects ate called intermolecular forces (forces between molecules!, and 
strondy depend on the polanty of a molecule or certain bonds within » (especially O-H. 
N-H and other bonds between hydrogen and more electronegative atoms with nonbond- 
m pairs) Intermolecular forces have profound effects on physical properties such as boil- 
ing point, solubility, and reactivity. An important manifestation of these properties is 
that the ability to isolate a pure compound after a reaction often depends on differences in 
boiling point, solubility, and sometimes reactivity among the compounds present. 

Boiling Point 

An intuitive understanding of boiling points will serve you well when working in the labora- 
tory The polarity of water molecules leads to relatively strong intermolecular attraction be- 
tween water molecules. One result is the moderately high boiling point of water (100 C. as 
compared to 65°C for methanol and - 162°C for methane, which we will discuss shortly).. 
Water has the highest boiling point of these three example molecules because it will strongly 
associate with itself by attraction of the partially positive hydrogens of one molecule (from 
the electronegative difference between the O and H) to the negatively charged region ,n an- 
other water molecule (where the nonbonding pairs are located). 



two for each water molecule). The result is reduced intermolecular attraction between 
methanol molecules and a lower boiling point since less energy is required to overcome 
the lesser intermolecular attractive forces. 




hydro 



The specific attraction between a partially positive hydrogen atom attached to a het- 
eroatom (an atom with both nonbonding and bonding valence electrons, e.g., oxygen or rutro- 
oen) and the nonbonding electrons of another heteroatom is called hydrogen bonding. It is a 
form of dipole-dipole attraction due to the polar nature of the hydrogen-heteroatom bond. A 
oiven water molecule can associate by hydrogen bonding with several other water molecules, 
as shown above. Each water molecule has two hydrogens that can associate with the non- 
bonding pairs of other water molecules, and two nonbonding pairs that can associate with the 
hydrogens of other water molecules. Thus, several hydrogen bonds are possible for each wa- 
ter molecule It takes a significant amount of energy (provided by heat, for example) to give 
the molecules enough kinetic energy (motion) for them to overcome the polanty-.nduced at- 
tractive forces between them and escape into the vapor phase (evaporation or boiling).. 

Methanol, on the other hand, has a lower boiling point than water (63 L). in large 
part due to the decreased hydrogen bonding ability of methanol in comparison with water. 
Each methanol molecule has only one hydrogen atom that can participate in a hydrogen 
bond with the nonbonding electron pairs of another methanol molecule (as compared with 
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The CH 3 group of methanol does not participate in dipole-dipole attractions between mol- 
ecules because there is not sufficient polarity in any of its bonds to lead to significant par- 
tial positive or negative charges. This is due to the small electronegativity difference be- 
tween the carbon and hydrogen in each of the C-H bonds. 

Now. oil to methane. Methane has no hydrogens that are eligible for hydrogen 
bonding, since none is attached to a heteroatom such as oxygen. Due to the small differ- 
ence in electronegativity between carbon and hydrogen there are no bonds with any signif- 
icant polarity Furthermore, what slight polarity there is in each C-H bond is canceled due 
to the tetrahedral symmetry of the molecule. [The minute attraction that is present between 
methane molecules is due to van der Waals forces, but these are negligible in comparison 
to dipole-dipole interactions that exist when significant differences in electronegativity 
are present in molecules such as water and methanol.]. Thus, because there is only a very 
weak attractive force between methane molecules, the boiling point of methane is very 
low (- 162°C) and it is a gas at ambient temperature and pressure. 



/ H 
Solubility 

An appreciation for trends in solubility is very useful in gaining a general understanding 
of many practical aspects of chemistry. The ability of molecules to dissolve other mole- 
cules or solutes is strongly affected by polarity. The polarity of water is frequently ex- 
ploited during the isolation of an organic reaction product because water will not dissolve 
most organic compounds but will dissolve salts, many inorganic materials, and other polar 
byproducts that may be present in a reaction mixture. 

As to our example molecules, water and methanol are miscible with each other be- 
cause each is polar and can interact with the other by dipole-dipole hydrogen bonding inter- 
actions. Since methane is a gas under ordinary conditions, for the purposes of this discussion 
lets consider a close relative of methane - hexane. Hexane (C ft H| 4 ) is a liquid having only 
carbon - carbon and carbon - hydrogen bonds. It belongs to the same chemical family as 
methane, Hexane is not soluble in water due to the essential absence of polarity in its 
bonds. Hexane is slightly soluble in methanol due to the compatibililv of the nonpolar 
CH 3 region of methanol with hexane. The old saying "like dissolves like" definitely holds 
true. This can be extended to solutes, as well. Very polar substances, such as ionic com- 
pounds, are usually freely soluble in water. The high polarity of salts generally prevents 
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mm of them from beine soluble in methanol, however. And. of course, there is absolutely 
no solubility of ionic substances in hexane. On the other hand, very nonpolar substances, 
such as oils, would be soluble in hexane. _ 

Thus the structure of each of these molecules we ve used for examples (watei, 
methanol, and methane) has a profound effect on their respective phys.cal propert.es The 
presence of nonbondin* electron pairs and polar covalent bonds tn water and methanol 
versus the complete absence of these features in the structure of methane imparts 
markedly different physical properties to these three compounds. Water, a small molecule 
with strong intermolecular forces, is a moderately high boihng liquid. Methane, a small 
molecule with only very weak intermolecular forces, is a gas. Methanol, a molecule com- 
bining structural aspects of both water and methane, is a relatively low boihng liquid, hav- 
ing sufficient intermolecular forces to keep the molecules associated as a liquid, but not so 
strong that mild heat can't disrupt their association. 



Reactivity 

While the practical importance of the physical properties of organic compounds may only 
be starting to become apparent, one strong influence of polarity is on the reactivity of 
molecules. It is often possible to understand the basis for a given reaction in organic chem- 
istry by considering the relative polarity of molecules and the propensity, o. lack thereof, 
for them to interact with each other, . . 

Let us consider one example of reactivity that can be understood at the initial level 
by considering structure and polarity. When chloromethane (CH 3 C1) is exposed to hy- 
droxide ions (OH") in water a reaction occurs that produces methanol. This reaction ts 
shown below. 

CHjCl + HO" ( as NaOH dissolved in water) -* HOCH 3 + CI" 
This reaction is called a substitution reaction, and it is of a general type that you will spend 
considerable time studying in organic chemistry. The reason this reaction occurs readily 
can be understood by considering the principles of structure and polarity that we have been 
discussing The hydroxide ion has a negative charge associated with it, and thus should be 
attracted to a species that has positive charge. Now recall our discussion of electronegativ- 
ity and polar covalent bonds, and apply these ideas to the structure of chloromethane. The 
chlorine atom is significantly more electronegative than carbon (note its position in the pe- 
riodic table) Thus, the covalent bond between the carbon and the chlorine a polarized such 
that there is partial negative charge on the chlorine and partial positive charge on the car- 
bon. This provides the positive site that attracts the hydroxide anion! 
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The intimate details of this reaction will be studied in Chapter 6 of your text. Suffice 
it to say for the moment that the hydroxide ion attacks the carbon atom using one of its non- 
bondine electron pairs to form a bond with the carbon. At the same time, the chlorine atom is 
pushedaway from the carbon and tales with it the pair of electrons that used to bond it to the 
carbon The result is substitution of OH for CI at the carbon atom and the synthesis or 
methanol By calculating formal charges (Section 1.7 in the text) one can show that the 
oxyoen of the hydroxide anion goes from having a formal negative charge in hydroxide to 
zeroTormal charge in the methanol molecule. Similarly, the chlorine atom goes from having 
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zero formal charge in chloromethane to a formal negative charge as a chloride ion after the 
reaction. The fact that the reaction takes place at all rests largely upon the complementary 
polarity of the interacting species. This is apen'asive theme in organic chemistry. 

Acid-base reactions are also very important in organic chemistry. Many organic 
reactions involve at least one step in the overall process that is fundamentally an acid-base 
reaction. Both Bronsted-Lowry acid-base reactions (those involving proton donors and 
acceptors) and Lewis acid-base reactions (those involving electron pair acceptors and 
donors, respectively) are important. In fact, the reaction above can be classified as a Lewis 
acid-base reaction in that the hydroxide ion acts as a Lewis base to attack the partially 
positive carbon as a Lewis acid. It is strongly recommended that you review concepts you 
have learned previously regarding acid-base reactions. Chapter 3 in Organic Chemistry 
will help in this regard, but it is advisable that you begin some early review about acids 
and bases based on your previous studies. Acid-base chemistry is widely applicable to 
understanding organic reactions. 



JOININGTHE PIECES 

Finally, while what we have said above has largely been in reference to three spe- 
cific compounds, water, methanol, and methane, the principles involved find exception- 
ally broad application in understanding the structure, and hence reactivity, of organic mol- 
ecules in general. You will find it constantly useful in your study of organic chemistry to 
consider the electronic structure of the molecules with which you are presented, the shape 
caused by the distribution of electrons in a molecule, the ensuing polarity, and the result- 
ing potential for that molecule's reactivity. What we have said about these very small mol- 
ecules of water, methanol, and methane can be extended to consideration of molecules 
with 10 to 100 times as many atoms. You would simply apply these principles to small 
sections of the larger molecule one part at a time. The following structure of Strep- 
togramin A provides an example. 

A region with iriynmil phinur bunding 



A few of the partially positive and partially 
negative regions are shown, as well as regions 
of tetrahedral and trigonal planar geometry. See 
if you can identify more of each type. 



Strepiogramin A 

A natural antibacterial compound that blocks protein 
synthesis at the 70S ribosomes of Gram-positive bacteria. 




A reaion \\ iih letruhedni 



We have not said much about how overall shape influences the ability of one mol- 
ecule to interact with another, in the sense that a kev fits in a lock or a hand fits in ;i "love. 
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This type of consideration is also extremely tmportant, and will follow w,th relatwe ease 
o have worked hard to understand the general principles of structure outl.ned here and 
xpanded upon in the early chapters of Or^nic Cftmte* An example would be he M_ 
,o win,. S.r ptogramin A. shown above, interacts in a hand-,n-g love fashion w,th he , 70S 
bosome in bacteria to inhibit binding of transfer RNA at the nbosome The result ol t 
taction ,s the prevention of protein synthesis in the bactenum which ^W 
(or the antibacterial effect of Streptogramin A. Other examples ol hand-in-glove mt e,a - 
lions include the o.factorv response to geraniol mentioned earl.e, and the aeon of en- 
zymes to speed up the rate of reactions in biochemical systems. 



FINISHING THE PUZZLE 

In conclusion, if vou pay attention to learning aspects of structure during this initial period 
f "e hntt your fee, wet" m organic chemrstry, much of the three-dimensional aspects o 
molecules- wtll become second nature to you. You will ^^^M* 
molecule is tetraJredral, tngonal planar, or linear m one region or ano he . Ms«te 
potential for interaction between a given section of a molecule and that of another mole- 
cue based on their shape and polarity, and you will understand why many ******* 
place Ultimately, vou will find that there is much less to memonze m organic chermstiy 
vou first thought. You will learn how to put the pieces of the org amepuzde together, 
and see that structure is indeed almost everything, just applied in different situations! 
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CARBON COMPOUNDS AND 
CHEMICAL BONDS 



SOLUTIONS TO PROBLEMS 



Another Approach to Writing Lewis Structures 

When we write Lewis structures using this method, we assemble the mole- 
cule or ion from the constituent atoms showing only the valence elections (i.e.. the 
elections of the outermost shell). By having the atoms share electrons, we try to 
give each atom the electronic structure of a noble gas. For example, we give hy- 
drogen atoms two electrons because this gives them the structure of helium. We give 
carbon, nitrogen, oxygen, and fluorine atoms eight electrons because this gives them 
the electronic structure of neon. The number of valence electrons of an atom can be 
obtained from the periodic table because it is equal to the group number of the atom. 
Carbon, for example, is in group 4A and has four valence elections: fluorine, in 
group 7A. has seven: hydrogen, in group 1A. has one. As an illustration, let us write 
the Lewis structure for CH 3 F. In the example below, we will at first show a hydro- 
gen's electron as x. carbon's electrons as o's. and fluorine's electrons as dots. 

Example A 

o 

3 H\ °C°. and • F: are assembled as 



H 



H 



HSC9F: or H:C:F: 
*° •• - ■• 

H H 



If the structure is an ion. we add or subtract electrons to give it the proper charge. As 
an example, consider the chlorate ion. CIO,". 

Example B 

oo 

:CI •. and gO§ and an extra electron x are assembled as 



:0: 
:0:CI:6: 



OO 


_ r 


°n° 




OO • * OO 




gOrCliOg 


or 


__ oo « ■ oa _ 
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1.1 (a) h-f: 



(b) :f— f: 



(c) H 



JU 



I 

H 



1.2 (a) ;o=N-0: 

(b) H— N: 
H 

H H 

1.3 (a) H-C— C + 

I I 
H H 

(b) H-O-H 
I 
H 



1.4 (a) H-C 



(d) H-O-N=0! 

:o 

(e) H-O-S-O-H 



(f) 



:0 
(g) H-O-P-O-H 
:0-H 



:o 



o4-o- 



H 

I 

H-B-H 

I 
H 



(c) -:c=N: 

:0 

(d) H-O-S-O: 

:0 



:0 

(c) H-C-O: 



:0: 
(d) H-C— H 
A 



O." 



H-C, 



(h) H-O-C-O-H 



(i) H-C=N! 



:0 

(e) H-O-C-O: 

(0 H-c=cr 



H H 

(e) H -C— N^H 
H H 



(f) H-O-H 
H-C— H 



A 



1.5 



(a) In its ground state, the valence electrons of carbon might be disposed as shown in the 



following figure- 



yffi&feP»i 

m 



The electronic configuration of a ground state caibon 
atom The p orbitals are designated 2p x . 2/v and 2/)- Lo 
indicate their respective orientations along the a. v, and 
; axes. The assignment of the unpaired electrons to (he 
2/? v and 2/> v orbitals is arbitrary. They could also ha\e 
been placed in the 2/> v and 2/>- or 2/; v and 2/j. orbitals. 
(To have placed them both in the same orbital would not 
have been correct, however, for this would have violated 
Hund's rule.) (Section 1.10.) 



The formation of the covalent bonds of methane from individual atoms requires that 
the carbon atom overlap its orbitals containing single electrons with Li orbitals of hydro- 
gen atoms (which also contain a single electron). If a ground state carbon atom were to 
combine with hydrogen atoms in this way. the result would be that depicted below. Only 
two carbon-hydrogen bonds would be formed, and these would be at right angles to each 
other. 

The hypothetical formation of CH, from a carbon atom in its ground state. 



*fS 



mmk 



© 



.0;- 



•y.- 




(b) and (c). Since the two resonance structures are equivalent, each should make an 
equal contribution to the overall hybrid. The C— bonds should therefore be of equal 
length (they should be of bond order 1 .5). and each oxygen atom should bear a 0.5 neg- 
ative charae. 



(b) An excited-state carbon atom might combine with four hydrogen atoms as shown 
in the figure above. 

The promotion of an electron from the 2s orbital to the 2p. orbital requires en- 
ergy. The amount of energy required has been determined and is equal to 400 kJ inol '. 
This expenditure of energy can be rationalized by arguing that the energy released when 
two additional covalent bonds form would more than compensate for that required to 
excite the electron. No doubt this is true, but it solves only one problem. The problems 
that cannot be solved by using an excited-state carbon as a basis for a model of methane 
are the problems of the carbon-hydrogen bond angles and the apparent equivalence of 
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all lour carbon-hvdroaen bonds. Three of the hydrogens— those overlapping Iheir h m- 
bitals with the three /> orbitals— would, in this model, be at angles of 90° with respect 
to each other; the fourth hydrogen, the one overlapping its l.s orbital with the %i orbital 
of carbon, would be at some other angle, probably as far from the. other bonds as the 
confines of the molecule would allow. Basing our model of methane on this excited state 
of carbon sives us n carbon that is tetravalent Mi one thai is not tevalmhal. and it pre- 
dicts a structure for methane in which one carbon-hydrogen bond differs from the othei 
three. 

The hypothetical formation of CH 4 from an excited-state carbon atom. 




Qmfm 
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The fact that only one form of CH,C1, has ever been detected supports a tetrahedral geom- 
etry for carbon, because with a tetrahedral geometry only one compound with the formula 
CHjCI-j is possible. All of the following structures are just different orientations of the same 
molecule. 



CI 
H'" 



is the /» \ 

same /' {£ \ 
as C1^-^h 



is the 

same 

as 



CI 

A 

CI" 



Make models to convince yourself of this fact. 
1.8 (a) There are four bonding pairs. The geometry is tetrahedral. 
H 

H-" 

(b) There are two bonding pairs about the central atom. The geometry is linear. 
:f|- Be-F: 

(c) There are four bonding pairs. The geometry is tetrahedral. 
H 



1.6 (a) Cis-trans isomers are not possible. 



H,C 



CH, 



(b) 7 c=^ x 

H H 



and 



H 3 C X * 



H CH, 



(c) Cis-trans isomers are not possible. 



CH,CH, . CI CH 3 CH 2 ^ 



H 



m 



X 

H H 



and 



H CI 



1 .7 If the geometry of the carbon atom were square planar, two isomeric compounds with the 
formula CH,CI, should exist. 



H CI H CI 

i\ /: , i\ /: 

I C | and ! C ! 

i/ \i 1/ \i 

H CI C1-— "-H 



(d) There are two bonding pairs and two nonbonding pairs. The geometry is angular. 



H 

(el There are three bonding pairs. The geometry is trigonal planar. 

H i 

W Tl 

(0 There are four bonding pairs around the central atom The geometry is tetrahedral. 

/1'CA 



^ 



— >F 



6 CARBON COMPOUNDS AND CHEMICAL BONDS 



m 



There are four bonding pairs around ihe central atom. The geometry is tetrahedrnl. 






(h) There are three bonding pairs and one; nonbonding pair around the central atom. The 
geometry is trigonal pyramidal. 







OKT\ 



ci 



Cl 



F 120» F 
19 m N c=Cjno° , trigonal planar at each carbon atom. 

F 7 F 

180° 

(b) CH 3 — C=C— CH, linear 

rV 8(p 

(c) H^sN*. linear 



H H H 
1.10 h-c-o-c-c-h 
H H H 



1.11 (a) 

H,C 



CH, 
CH. 



CH, 



(b) 



xh; 



CH^, XH,- 



H 3 C^ XH 



'OH 



OH 



(o ^- c=CH XHr CH3 



XH, 



XH, 



(d) H 3 C~ 2 "-CH,"' ' XH 3 
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(e) H 3 C- CH2 -CH- CH ^CH 3 



OH 
CH,— CH, 



(f) CHv=C 



(g) 



(h) 




II 

^C^CH, 



CH,— CH 3 
CH,. 



XH, 



H 3 C 



CI 

I 

XH. 



CH 3 
XH, 



CHf XH 3 




1.12 (a) and (d) are constitutional isomers with the molecular formula C 3 H,,. 

(b) and (e| are constitutional isomers with the molecular formula C 5 H|,0. 

(c) and (f) are constitutional isomers with the molecular formula C ( ,H,,. 



H Cl H H O H 
I I I I II I 
1.13 (a) H-C-X-C-C-C-C-H 
I I I I I 

H H H H H 

H .O-H 
(b) H x ^ ^ 

H"° 9-H 



(c) 



H 
H H V 



H 



C' 



'X- 



H 



x- 1 

H 



H. 



t 



LH 



H^C 



H^H 



1.14 (a) 



(b) 



Cl 

I 

X"HH 
H V H 

H 



Cl 

c„ 
ci"v 

H 



' H 



(Note that the Cl atom and the three H atoms 
may be written at any of the four positions.) 



6 



Cl 
X 

h^; ,ih 

Cl 



and so on 



Cl 

W B A"H 



H 



(d) 



H fx- 

H J V 
ff H 



a 



and others 



and others 
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1.15 (a) Na + has the electronic configuration. U 2 2s 2 2/A of Ne. 

(b) 0T has the electronic configuration, b 2 2s 2 2p 6 3s 2 3/A of Ar. 

(c) F + and (h) Br do not have the electronic configuration of a noble gas. 

(d) H" has the electronic configuration. \s 2 . of He. 

(e) Ca 2+ has the electronic configuration. ls 2 2s 2 2//3s 2 3//' of Ar. 

(f) S 2 ~ has the electronic configuration. l5 : 2i 2 2f/'3.T 2 3//' of Ar. 

(g) 2 ~ has the electronic configuration. \s 2 2s 2 2pf' of Ne. 



1.16 (a) 



-.ci- 



II 
J, 



"Ci: 



o: 
(b) :Ct— p-Ci: 
:Ci: 



■■ :Ci: •• 

(c) ::^?C- 



*# 



(d) H-O— N 



1.17 (a) CH,- 



O: 

.. II .. 

0: 



:o: 

(b) CHj— S-CH, 



1.18 (a) (CH 3 ) 2 CHCH 2 OH 


(b) (CH 3 ) 2 CHCCH(CH 3 ) 2 

1.19 (a) C 4 H ln 
(b) C-H l4 

1.20 (a) Different compounds, not 

isomeric 

( b) Constitutional isomers 

(c) Same compound 

(d) Same compound 

(e) Same compound 

(f) Constitutional isomers 

(g) Different compounds, not 
isomeric 

(h) Same compound 



(c) 



O: 

■:oJ-6: 

■• II - 
0: 



o: 

(d) CH 3 — S-O:' 

3 II " 
0: 



(c) HC— CH 2 

HC— CH 2 

(d) (CH 3 )jCHCHjCH 2 OH 

(c) C 4 H fl 

(d) C 5 H,,0 

(i) Different compounds, not 
isomeric 

(j) Same compound 

(k) Constitutional isomers 

(I) Different compounds, not isomeric 

(m) Same compound 

(n) Same compound 

(o) Same compound 

(p) Constitutional isomers 



1.21 (a) 



1.24 



1.25 




(d) 



~"C-OH 

ll 
O 



1.22 (a) 



H V H 



H 
H-C-N 




H 



H 



(c) 



H 



(b) 



~C. ,c- 
N H 
H 
H 



I II 



I I I I 

H H H 
H-C-H 



I 
H 



ffl 



i4- 

/ 

H 



;o" 



r 



1.23 CH,=CHCH,CH 3 

H,C — CH, 

I I 
H-tC -t^o 



CH 3 CH =CHCH 3 CHj=CCH 3 
CH, 



H,C 



H 

I *i$ 



o- 

H-C-N' 



X'H-CH, 



H ■ 
I + / 
H-C-N „ 

I 



H 



.0.. 



ID 

H-6-C-N-H 

I 
H 

H 

1 



H-C-0-N=0' 

I " 
H 



(Other structures are possible.) 



(a) While the structures differ in the position of their electrons, they also differ in the 
positions of their nuclei and thus they are not resonance structures. (In cyanic acid 
the hydrogen nucleus is bonded to oxygen; in isocyanic acid it is bonded to nitrogen.) 

(b) The anion obtained from either acid is a. .. 

resonance hybrid of the following structures: : 0— CsN: < ► iO=C=N: 
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1.26 



1.27 



H 



H 



(a) A + charge. (F = 4 - % = + 1 ) 

(b) A + charge. (It is called a methyl cation.) 

(c) Trigonal planar, that is, 

H 



(d) .s/3- 



1.28 



H H 



H 
H-Ci 



(a) A — charge. (F = 4 - '>': - 1 - I ) 

(bl A - charge. (It is called a methyl anion.) 

(c) Trigonal pyramidal, that is 



d 



(d) .</)-' 



H'V \ 



H-C- 

I 
H 



(a) No formal charge. (F = 4 

(b) No charge. 
(O s/j 2 . that is, 



m 



H„,Q 
JC-H 



1.29 (a)and(b) 









(c) Because the two resonance structures are equivalent, they should make equal contri- 
butions to the hybrid and, therefore, the bonds should be the same length. 

(d) Yes. We consider the central atom to have two groups or units of bonding electrons 
and one unshared pair. 



p * A* ^ 

1.30 :N=N— Ni <~ 



B 



2 " >N— N=N' 



Structures A and C are equivalent and. therefore, make equal contributions to the hybrid. 
The bonds of the hybrid, therefore, have the same length. 



*1.31 (a) 




OH 



-OH 

CH 3 CH,NH 2 
CH 3 CH 2 NHCH 3 



:: 1.32 (a) constitutional isomers (b) the same 




CH,CH 1 CH,NH 2 



NHj 



(c) resonance forms 
(e) resonance forms 

B 1.33 (a)'0=N=6= 

(b) Linear 

(c) Carbon dioxide 

:Br: 
5 1.34 Set A: -' Bt 



(d) constitutional isomers 
(f) the same 



Br' 



:Br: 



Br Br 



SetB: 



H,N 



H\N 



:OH 



OH 



:OH 



:NH, 



I" I 

H :O v 



• r /°^ 



I 
H 



,NH-, 
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QUIZ 



SetC: 



SetD: 



SetE: 



b 
a 

[and unstable enol forms of a, b, and c] 

\.NH 3 /^\ 

H H 



CH,OH CH 3 H 

* i" Y 



c 

1 



(i.e., CH 3 CH,CH 2 and CH 3 CHCH 5 ) 



1.1 Which of the following is a valid Lewis dot formula for the nitrite ion (NO, )? 

(a) ":6— N=6: (b) :0=N-<)= W ; 0— N=6: (d) Two of 
•• " these 

(e) None of the above 

1 .2 What is the hybridization state of the boron atom in BF,? 
(a) i (b) | fc) $> (d) sp 1 (e) I*? 

F H 

1 .3 BF 5 reacts with NH, to produce a compound, F-B-N-H . The hybridization state 
of B is F H 

la) s (b) p (c) 5/1 (d) sp 1 (e) j/j 3 

1.4 The formal charge on N in the compound given in Problem 1.3 is 
(a) -2 (b) -I (O (d) +1 (e) +2 

1.5 The correct bond-line formula of the compound whose condensed formula is 
CH.CHCICH,CH(CH-JCH(CH,), is 
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1 .6 Write another resonance structure for the formate ion. 



H— C 



•C\ << pi 

.0, 



Formate ion 



1.7 In the boxes below write condensed structural formulas for constitutional isomers of 
CH-,(CH,),CH V 




1.8 Write a three-dimensional formula for a constitutional isomer of compound A given be- 
low. Complete the partial structure shown. 






X- 



"H 




r-r r^ V 

H 3 C V R 



Constitutional isomer of A 
1.9 Consider the molecule fCH,),B and give the following: 



(a) Hybridization stale of boron 

(b) Hybridization state of carbon atoms 

(c) Formal charge on boron 



(d) Orientation of groups around boron 

(e) Dipole moment of (CH,),B 
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1.10 Give the formal charge on oxygen in each compound. 



(a) CH3-O-CH3 

CH 3 

(b) CH 3 -C=0: 



(c) 



H 

I " 
H 



1.11 Write another resonance structure in which all of the atoms have a formal charge of zero. 



iO! 

H-C=N-H « *• 

H 



1.12 Indicate the direction of the net dipole moment of the following molecule. 



«3^ /CI 

"fc 

4 \ 
H 3 C F 



1 




REPRESENTATIVE CARBON COMPOUNDS: 
FUNCTIONAL GROUPS, INTERMODULAR 
FORCES, AND INFRARED (IR) 
SPECTROSCOPY 



SOLUTIONS TO PROBLEMS 



2.1 


5+ 5- 
(a) H — F or H — F 

4 * 




5+ 8- 
(b) I Br or I Br 

4 — * 


2.2 


VSEPR theory predicts a pla 




F 
*-*,B.N>. 



(c) Br Br 

^ = 

(d) F— F 
u = 



The vector sum of the bond moments of a trigonal planar structure would be zero, result- 
ing in a prediction of p. = for BF V This correlates with the experimental observation and 
confirms the prediction of VSEPR theory 

2.3 The shape of CCl : =CCl : (below) is such that the vector sum of all of the C— CI bond 
moments is zero. 

Cl^ ^Cl 

civ* S, ci 

2.4 The fact that SO, has a dipole moment indicates that the molecule is angular, not linear 

rp£*%5°. ( not :o=s=o: 

(1= 1.63 D \ n = 

An angular shape is what we would expect from VSEPR theory, too. 
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The fact that CO, has no dipole moment indicates that its shape is linear, not angular. 



:o=c=o: 



pt=8 



|i*0 



■v 

i 

si 
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2.9 (a) CH 3 CHjCH 2 CH 2 Br and CH 3 CHCH 2 Br 



(b) CH 3 CHCH 2 CH 3 



CH, 



(c-) CH,- 



CH, 

-C-l 
I 
CH, 



Br 



Again, this is what VSEPR theory predicts. 



0t«* 



-t— > 



net dipole 



2.6 In CFC1 3 the large C— F bond moment opposes the C~ CI moments, leading to a net 
dipole moment in the direction of the fluorine. Because hydrogen is much less electro- 
negative than fluorine no such opposing effect occurs in CHCl,: therefore, it has a net 
dipole moment that is larger and in the direction of the chlorine atoms. 



ci"7/^ci 
ci i 



°SPt 



ci 



2.10 (a) CH 3 CH,F 

(c) Propyl bromide 
(e) Phenyl iodide 

2.11 (a) CH 3 CH 2 CHjCH 2 OH 



(b) CH 3 CHCH 2 CH 3 

6h 



2.12 (a) CH 3 CH 2 CH,OH 



(b) CH 3 CHCH 3 or (CH,) 2 CHCI 

CI 
(d) Isopropyl fluoride 



and CHjCHCHjOH 



CH, 



CH, 



(c) CH,-C-OH 
CH, 



(b) CH3CHCH3 or CH 3 CH-OH 



OH 



CH, 



Smaller net 
dipole moment 

^7 (a) F "%=C^ t netdi P° le 
/ \ 4- moment 

H H 



(c) C=C - 



H 



II 



F 
Br 



\ ^ 
2.8 (a) C=C 

/ \\ 
H * Br 

net i — > 

dipole moment 



(b) 



C=C 

Br * ^* CI 

net h — * 

dipole moment 



net dipole 
moment 



H 



Larger net 
dipole moment 



(b) \=c / \i = 



H 



H 



% s/ 

(d) c=c 
F^ ^F 

H net h 



p. = 



^ Br 



x c=c x dipole x c=c / 

/ x x\ moment /* \ 
Br* *Br + Br* H 

cis » trans 



u. = 



Cis-trans isomers 



**t-? 



Br net CI x^_ j Br 



dipole 

X 



/ * x\ moment / * x\ 
CI f * CI + Br* *CI 



C=C. |x = 

^Cl 

trans 



Cis-trans isomers 



2.13 (a) CH,CH,-0-CH 2 CH, 



(c) CH 3 CH 2 — 0-CHCH 3 
CH, 



(e) 


Diisopropyl ether 


.14 (a) 


CHjCHjCHjNHj 


(<0 


CH 3 — N-CHjCHj 




A 

H 3 C CH, 


(e) 


Tripropylamine 



(g) Dimethylpbenylamine 

2.15 (a) (a) only (b) (d.f) 

CH 3 

2.16 (a) CH 3 — N: + H-Cl' 



CH 3 



(b) sp3 



(b) CH 3 CH 2 -0-CH 2 CH 2 CH 3 
(d) Methyl propyl ether 

(f) Methyl phenyl ether 

(b) CH 3 -N-CH 3 or (CH 3 ) 3 N 

CH 3 
(d) Isopropylpropylamine 



(f) Methylphenylamine 



(c) (b. c.e. g) 



CH, 
-> CH,— N-H 



+ -CV- 



CH, 
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2.17 (a) CH 3 CH 2 CH 2 CH,OH would boil higher because its molecules can form hydrogen 

bonds to each other through the -O-H group. 

(b) CH 3 CH 2 NHCH 3 would boil higher because its molecules can form hydrogen 
bonds to each other through the -N-H group. 

(c) HOCH 2 CH,CH 2 OH because by having two -O-H groups, it can form more 
hydrogen bonds. * 

2.18 Cyclopropane would have the higher melting point because its cyclic structure gives it a 
rigid compact shape that would permit stronger crystal lattice forces. 

2.19 (a) Ketone (b) Alkyne (c) Alcohol (d) Aldehyde 
(e) Alcohol (f) Alkene 

2.20 (a) Three carbon-carbon double bonds (alkene) and a 2° alcohol 

(b) Phenyl, carboxylic acid, amide, ester, and a 1° amine 

(c) Phenyl and a 1° amine 

(d) Carbon-carbon double bond and a 2° alcohol 

(e) Phenyl, ester, and a 3° amine 

(f) Carbon-carbon double bond and an aldehyde 

(g) Carbon-carbon double bond and 2 ester groups 

CH 3 

2.21 CH,CH,CH,CHjBr CH 3 CH 2 CHCH 3 CH 3 CHCH 2 Br CH 3 -6-CH 3 



1° Alkyl 
halide 



- i 
Br 

2° Alkyl 
halide 



CH 3 

1 D Alkyl 

halide 



2.22 CH 3 CH 2 CH 2 CH,OH CH 3 CH 2 CHCH 3 CH 3 CHCH 2 OH 

OH CH 3 

2° Alcohol 1° Alcohol 



1° Alcohol 

CH 3 OCH 2 CH,CHj 
' Ether 



Br 
3° Alkyl 
halide 

CH 3 
-C-C 

6h 

3° Alcohol 



CH 3 OCHCH 3 CH 3 CHjOCH,CH 3 



CH 3 
Ether 



Ether 



2.23 Any four of the following: 

O HiC— CH 2 

-*— m 



li 
L'H 3 CCH 

Ketone 
CHf=CHCH 2 OH CHf=CH-0-CH 3 



CH 3 CH 2 CH HjC- 

Aldehyde Ether 




C-HC— CH, 



Ether 



%Y\ 



1/ 



CHOH 



Alkene, alcohol Alkene, ether 

2.24 (a) 1° (b) 2° fc) 3° (d) 3° (e) 2° 



H,C 



Alcohol 



2.25 (a) 2° (b) 1° (c) 

2.26 (a) CHjOCHjCHjCHj 

(b) 2 |Y'H-CH 2 OH 
H,C 

H,C. 

(c) |^CH-OH 

h,c 




(e) H-C-0-CHjCH 3 



(f) CHjCHjCHjCHjCHjBr 

CH 3 
CHj-C-CHj- Br 
CH 3 

(g) CH 3 CHCH 2 CH 2 CH 3 

Br 



CH 3 
(h) CHjCHj— C-Br 
CH, 



(d) 2° (e) 2° (f) 3° 



CH3OCHCH3 
CH, 



CHjCHoOCHjCHj 



CHpCHCHjCHjOH CH 3 CH =CHCH 2 OH 



H,C 



(d) 



OH 
V-CfL 



H,C 



8 



CH3-C-0-CH3 



CH 3 CHCH 2 CH 2 Br 
Cft, 



CH 3 CH 2 CHCH 2 CH 3 
Br 



CH 3 CH 2 CHCH 2 Br 
CH, 



CH 3 

CH,CHCHCH, 
3 I 3 





II 
(i) CH,CH 2 CH 2 CH 2 CH 



O 

CH,CHCH,CH 
"I 
CH, 



O 
II 
CH,CH,CHCH 

' "I 
CH 3 
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ii 



(j) CH 3 CCH 2 CH 2 CH 3 



(10 CH,CH,CH,NH, 



(1) CH,CH,NHCH, 




(n) H-C-NHCH, 



CH 3 CH z d:CH 2 CH3 





CH3CH&H3 



CH, 
CH,CHNH 2 



(m) (CH 3 ) 3 N 




CHj-C-NIi, 



2.27 (a) CH 3 CH 2 CH 2 OH because its molecules can form hydrogen bonds to each other 
through its -O-H group. 

(b) HOCH,CH 2 OH because with two-O-H groups, its molecules can form more 
hydrogen bonds with each other. 

,OH because its molecules can form hydrogen bonds to each 
other. 



(d) 



P^-OH [Same reason as (c)]. 



[^"NH because its molecules can form hydrogen bonds to each other through 



its W H group. 



m 



(g) 



F \ / because its molecules will have a larger dipole moment. (The trans 
compound will have \i - 0.) 



OH 



[Same reason as (c)]. 



(h) Nonane, because of its larger molecular weight and larger size, 
will have larger van der Waals attractions. 

(i) \=0 because its carbonyl group is far more polar than the double bond 
of 



2.28 (a) The alcohol would have a broad absorption from the 0— H group in the 3200 to 
3500 cm' 1 region of its IR spectrum. The ether would have no such absorption. 

(c) The ketone would have a strong absorption from its carbonyl group near 1700 emP 
in its IR spectrum. The alcohol would have a broad absorption due to its hydroxyl group 
in the 3200 to 3500 cm - ' region of its IR spectrum. 



(d) Same rationale as for (a) 

(e) The secondary amine would have an absorption near 3300 to 3500 cm - ' arising 
from N — H stretching. The tertiary amine would have no such absorption in this region 
since there is no N — H group present. 

(g.l Both compounds would exhibit absorptions near 1710 to 1780 cm"' due to carbonyl 
stretching vibrations. The carboxylic acid would also have a broad absorption some- 
where between 2500 and 3500 cm - ' due to its hydroxyl group.' The ester would not 
have a hydroxyl absorption. 

( i ) The ketone would have a strong absorption from its carbonyl group near 1 700 cm - ' 
in its IR spectrum. The alkene would have no such absorption but would have an ab- 
sorption between 1620 and 1680 cm - ' due to C=C stretching. 



O 
II 
2.29 (a) CH 3 CH,CNH 2 



O 

CH,CNCH, 
3 I 3 
H 



O 
II 
HCNCH,CH, 
I 2 3 
H 



O 
II 
H-C-N-CH, 
1 3 
CH-, 



O 
11 



(b) The last one given above [i.e., HCN(CH 3 ) 3 ] because it does not have a hydrogen 
that is covalently bonded to nitrogen and, therefore, its molecules cannot form 
hydrogen bonds to each other. The other molecules all have a hydrogen covalently 
bonded to nitrogen and, therefore, hydrogen-bond formation is possible. With the 
first molecule, for example, hydrogen bonds could form in the following way: 

H 

,0— H-jJ 
CH 3 CH,C ' 'CCH 2 CH 3 

V N-H— -O' 
1 
H - 



2.30 An ester group, 



O 
-C-ii-O-C- 

kcH 27 J 



2.31 The attractive forces between hydrogen fluoride molecules are the very strong dipole- 
dipole attractions that we call hydrogen bonds. (The partial positive charge of a hydrogen 
fluoride molecule is relatively exposed because it resides on the hydrogen nucleus. B_\ con- 
trast, the positive charge of an ethyl fluoride molecule is buried in the ethyl group and is 
shielded by the surrounding electrons. Thus the positive end of one hydrogen fluoride mol- 
ecule can approach the negative end of another hydrogen fluoride molecule much more 
closely, with the result that the attractive force between them is much stronger. I 

2.32 (a) and (b) are polar and hence are able to dissolve ionic compounds, (c) and (d) are non- 
polar and will not dissolve ionic compounds. 
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2.33 (a) „ £ — F 

/ 
H 

(b) H| v^ 

H F 

F 

(c) H — C^ip^ 

v 
F 

F 
/ 



H.„, / 
(e) >'v" 

CI 



H,C. 



(h) 



No 



H 3 C 
H,C 



\ 



(0 ft dipole (i) 

Q\ y S 12J moment 



\ •. 



H 



No H +-f; 

(g) F— Be— F dipole (j) ^C=0: 
moment H 



No 



(d) F — C IF dipole 

V moment 

F 

2.34 (a) Dimethyl ether: There are four electron pairs around the central oxygen: two bonding 
pairs and two nonbonding pairs. We would expect sp' hybridization of the oxygen with a 
bond angle of approximately 109.5° between the methyl groups. 



H 3 C 



(b ) Trimethylamine: There are four electron pairs around the central nitrogen: three bond- 
ing pairs and one nonbonding pair. We would expect sp> hybridization of the nitrogen with 
a bond angle of approximately 109.5° between the methyl groups. 



H 3 C" 



H 3 C 



X'H, 



(e) rrimethylboron: There are only three bonding electron pairs around the central boron. 
We would expect .v/r hybridization of the boron with a bond angle of 120° between the 
methyl groups. 

CH, 



2.35 Without one (or mote) polar bonds, a molecule cannot possess a dipole moment and. there- 
fore, it cannot be polar. If the bonds are directed so that the bond moments cancel, how- 
ever, the molecule will not be polar even though it has polar bonds. 

2.36 Crixivan has the following functional groups: 

3° Amine 2° Alcohol 



2.37 



2.38 




;hn' ~*o 

C(CH 3 ) 3 
Hydrogen bond 



Aromatic 
amine 



CK---H— ;0' 

CH,CH,-C C— CH,CH, 

.0 — H---:0. 



Hydrogen bond 



; ° O t^ c ' 



B' 



The 1780-cm band is in the general range for C=0 stretching so structure B' is con- 
sidered one of the possible answers, but only B would have its C=0 stretch at this high 
frequency (B' would be at about 1730 cirT ' ). 



"2.39 (a) 



HO"1 fOH 
H H 



HO^l T"H 
H OH 

trans 



H 3 CT 



-CH, 



(d) Dimethylberyllium: There are only two bonding electron pairs around the central 
beryllium atom. We would expect sp hybridization of the beryllium atom with a bond an- 
gle of 180° between the methyl groups. 



(b) The eh isomer will have the 3572-crrT' band because only in it are the two hy- 
droxyl groups close enough to permit intramolecular hydrogen-bonding. (Imennolecu- 
lar hydrogen-bonding is not possible at high dilution in a non-polar solvent like CCL,.) 



H,C— Be— CM 
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QUIZ 



"2.40 (a) OH 



(b) 



-CH 3 
CH 3 

enantiomers 



< 



OH 

Lch, 



HO 

H,C»A 



V'»CH, 
H 



4 



OH 

Lch, 



CH, 



f> 
H 
HO 

H 3 C 



diastereomers 

(Enantiomers and diastereomers 
are defined in Chapter 5.) 



enantiomers 



2.1 Which of the following pairs of compounds is not a pair of constitutional isomers? 



(a) CH— 0-CH=CH 2 and 



M 



O 




(c) OLc'-OH 



and 



and 



(d) CHjCH 2 C=CH and 

(e) CH,CHCH(CH 3 ), and 

l 
CH, 




CH,CH,CH 



CH 3 CH =CHCH 2 CHj 



II 
XF 

CH 3 CH =C=CH 2 
(CH 3 ) 2 CHCH(CH 3 ) 2 



2.2 Which of the answers to Problem 2.1 contains an ether group? 

2.3 Which of the following pairs of structures represents a pair of isomers? 



(a) 



H 3 C S 



XH 3 
t=C N 
H,C H 



and 



H 3 C N 

0=C N 



H 



CH, 



(b) CH 3 Cs=CCH 3 

H 

,C — C 

H 



F 

( c ) „.c— c 

Cl""i x 
F 



and 



and 



H 



H 

,.c — C 

CI'""/ \, 

F ¥ 



CH, 



W CH 3 CH,CHCHXH, and CH,CH,CHCH, 



CH,CH, 



(e) More than one of these pairs are isomers. 



2.4 Give a structural formula for each of the following: 



(a) A tertiary alcohol with the formula 
CjH I2 



(b) An A'.A'-disubstituted amide wilh the 
formula C 4 H,,NO 



(c) Thealkene isomer of CiHXI, that has 
no dipole moment 



fd) An ester with the formula C,H 4 0, 



(e) The isomer of C,H,CI, that cannot 
show cis-trans isomerism 



(f) The isomer of C,H s O that would have 
the lowest boiling point 



l 



26 REPRESENTATIVE CARBON COMPOUNDS 

(g) The isomer of C,H M N that would 
have the lowest boiling point 




I 

2.5 Write the bond-line formula for a constitutional isomer of the compound shown below that 
does not contain a double bond. 



CH 3 CH 2 CH=CHj 



2.6 Circle the compound in each pair that would have the higher boiling point, 
(a) CH 3 CH,CH 2 OH or CH 3 CH 2 CHO 



(b) 



_h or 



N-CH, 



I 

(c) CH3COCH3 or CH 3 CH 2 COH 

(d) CH 3 OCH 2 CH 2 OH or CH 3 OGH 2 OCH 3 

O O 

(e) CH 3 CH 2 CNHCH 3 or CH 3 CN(CH 3 ) 2 

2.7 Give an acceptable name for each of the following: 



CH 3 



(a) (OV°' C s H 
^ — ' CH 3 

(b) CH 3 CH 2 -N-C 6 H S 



(c) CH 3 CHNH 2 
CH, 



u 
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AN INTRODUCTION TO 

ORGANIC REACTIONS: ACIDS AND BASE* 



SOLUTIONS TO PROBLEMS 



3.1 (a) CH,— 6— H 



(b) CH,— CI: 




:F: 



(c) CH,— O — CH, + B— F: 

/ ■■ 
:F: 



:F: 

t I .. 
*=* CH,— O — B— F: 

H :F: 

:Cl: 

s 1 .. 

— ** CH,— CI— AI— CI : 



:C1: 



:F: 

I .. 
CH,— O B— F: 

3 j ! .. 

CH 3 :F: 



3.2 (a) Lewis base 
(c) Lewis base 
(e) Lewis acid 




(b) Lewis acid 
(dl Lewis base 
if) Lewis base 

H 



B— F: 



Lewis base Lewis acid 

3.4 (a) - = [H,01[HCO,-l 



CH,— N 
■ I 

CH, :F: 



= 1.77 X 10" 



:F: 
I- .. 
B— F: 



[HCCsH] 

Let .v = [H 3 + ] = IHC0 2 ~] at equilibrium 

then, 0. 1 - x = [HC0 2 H] at equilibrium 

but, since the K a is very small, .v will be very small and 0. 1 - ,v = 0. 1 

Therefore, 



(x) (x) 

0.1 
xi 



= 1.77 XIO"- 1 
= 1.77 XIO" 5 
= 0.0042= [H 3 0"j = [HC0 2 
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(g) The isomer of C,H n N that would 
have the lowest boiling point 



■H- 



3 



AN INTRODUCTION TO 

ORGANIC REACTIONS: ACIDS AND BASES 



2.5 



Write the bond line formula for a constitutional isomer of the compound shown below that 
does not contain a double bond 



CH 3 CH 2 CH=CH 2 



2.6 



Circle the compound in each pair that would have the higher boiling point 

(a) CH 3 CH 2 CH 2 OH or CH 3 CH,CHO 

(b) < N-'ii or I X : CH, 





(C) CH3COCH3 



9 



or CH,CH,COH 



2.7 



(d) CH 3 OCH 2 Cri,OH or CH 3 OCH 2 OCH 3 



(e) CH 3 CH 2 CNHCH 3 or CH 3 CN(CH 3 ) 2 



Give an acceptable name for each of the following: 
CH, 



(a) 



CM 

1 — ' I 



CH 



CH 3 

(b) CHjCH.-N-Cf.H; 

CH 3 

(c) CHjCHNHj 

CH, 



13 



i- 



SOLUTIONS TO PROBLEMS 




:F: 



CH 3 — O—B— F: 



H :F: 



:C1: 



:C1: 



CH 3 — O- 



-B— F: 



3.2 (a) Lewis base 
(c) Lewis base 
(e) Lewis acid 



(b) Lewis acid 
(d) Lewis base 
(f) Lewis base 



3.3 



H 



CH— N: + 



CH, 



:F: 

^\ 

1 

/ 

:F: 



B— F: 



CH 3 — N- 



H :F: 

1+ I- 



-B— F: 



CH 3 :F: 



3.4 (a) K„ 



Lewis base Lewis acid 

[H,Q"][HCO,-] 



= 1.77 x I0" 4 



HCO,H| 

Let X = [H 3 + ] = [HC0 2 _ ] at equilibrium 

then, 0. 1 - a- = [HC0 2 H] at equilibrium 

but, since the K a is very Small, x will be very small and 0. 1 - x — 0. 1 

Therefore, 

m w 

■ 1.77 x 1(T 4 
1.77 x lO" 5 
0.0042= [H,0 + ] = [HCO, - ] 



0.1 
.v 2 
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(b) % Ionized = 



0.1 
.0042 



X 100 or 



[HCO,-l 



0.1 



100 



x 100 



= 0.1 
-las 10" 7 = -(-71 = 7 



4.2% 



3.5 (a) pK, 

(b) pK„ = -log 5.0 = -0.699 ' 

(c) Since the acid with 3 K„ = 5 has a larger K a . it is the stronger acid. 

3.6 When H,0 + acts as an acid in aqueous solution, the equation is 

H i O + + H 2 0-^.H,0 + H,0 + 
and /v , is 

= i H i oiiiMn =1Hl o] 

[H : ,0-| 

The molar concentration of H,0 in pure H : 0. that is. [H,0] = 55.5: therefore. K>H.j 

The pK u is 

pK n = - log 55.5 = — I 74 

3 7 The pK of the methylaminium ion is equal to 10.6 (Section 3.5C). Since the pK\, of the 
anilinium ion is equal to 4.6. the anilinium ion is a stronger acid than the methylamumim 
ion. and aniline (QH^NH-,) is a weaker base than methylamine (CH,NH,). 

3.8 m Negative. Because the atoms are constrained to one molecule in the product, they have 
to become more ordered, 
(b) Approximately zero. 

m Positive. Because the atoms are in two separate product molecules, they become more 
disordered. 



3.9 (a) \iK m = I 
then. 
IosiA' = = 



-AC" 



2.3Q3/0" 



AG" 







(bi if/i,„ = io 

then. 

log*,, = 1 = 



-AG" 



AG° 



13038? 

(2.303 K0.0083J 4 kJ mor 1 K^')(298 K) = -5.71 kJ mol" 



(c) AC° = AH - 7A5= 

AG - AH = -5,71 kJ moP' if&f = 



3.10 Structures A and B make equal contributions to the overall hybrid. This means that the 
carbon-oxygen bonds should be the same length and that the oxygens should bear equal 
positive charges. 



3.11 



3.12 



9* 

14- 

A 



<££.._ 



■*■ H,C— C. 

v> ■. 

o: 

B 



(a) CHCUCO,H would be the stronger acid because the electron-withdrawing inductive 
effect of two chlorine atoms would make its hydroxyl proton more positive. The electron- 
withdrawing effect of the two chlorine atoms would also stabilize the dichloroacelale ion 
more effectively by dispersing its negative charge more extensively. 

(b) CCI 3 CO,H would be the stronger acid for reasons similar to those given in (a), ex- 
cept here there are three versus two electron-withdrawing chlorine atoms involved. 

(c) CHtFCOtH would be the stronger acid because the electron-withdrawing effect of a 
fluorine atom is greater than that of a bromine atom (fluorine is more electronegative) 

(d) CH-,FCO-,H is the stronger acid because the fluorine atom is nearer the carboxyl 
group and is. therefore, better able to exert its electron-withdrawing inductive effect. [Re- 
member: Inductive effects weaken steadily as the distance between the substituent and the 
group increases.) 

All compounds containing oxygen and most compounds containing nitrogen will have an 
unshared electron pair on their oxygen or nitrogen atom. These compounds can. therefore, 
act as bases and accept a proton from concentrated sulfuric acid. When they accept a pro- 
ton, these compounds become either oxonium ions or ammonium ions, and having be- 
come ionic, they are soluble in the polar medium of sulfuric acid. The only nitrogen cam- 
pounds that do not have an electron pair on their nitrogen atom are quaternary ammonium 
compounds, and these, already being ionic, also dissolve in the polar medium of concen- 
trated sulfuric acid. 



3.13 (a) CH 3 0-H 

Stronger acid 
pK a = -16 



methanol 



"11 



(b) CH 3 CH,0— "H 

Stronger acid 
pK a = 16 



Stronger 

base 
(from NaH) 



+ 



CH3O: 

Weaker 
base 



- H 2 

Weaker 

acid 
pK a = 35 



:NH, 

Stronger 

base 

(from NaNH , 



ethanol 



> CH 3 CH,0 : + 



Weaker 
base 



:m 3 

Weaker 

acid 
pK a = 38 
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hexane 



(c) H— N— H 

H 

Stronger acid 

pK a - 38 

H 

+ 1 <n . 

(d) H— N— H 

I 
H 

Stronger acid 

PK = 9.2 

(from NHjCL) 

(e) H— O — H + 

Stronger acid 
pK a = 15.7 



":CH 2 CH 3 

Stronger 

base 

(fromCH,CH 2 Li) 



> :NH," 

Weaker 
base 



. ■ - iiq. NH j . 

Stronger 

base 

(from NaNH,) 



= NH 3 

Weaker 
base 



+ CH3CH3 

Weaker 
acid 



Weaker 

acid 
flC = 38 



I 



~:OC(CH,) 3 

Stronger 

base 

[from (CH,).,CONal 



H,0 



> H— p: + HOC(CH,), 

Weaker Weaker 

base acid 

pK = 18 



(f) No appreciable acid-base reaction would occur because NaOH is not a strong enough 
base to remove a proton from (CH,),COH. 

hexane n .. , ,, 

3.14 (a) HG=CH + NaH *• HC=CNa + H, 



(b) HC=CNa + D 2 

(c) CH 3 CH 2 Li + D 2 



hexane 



*- HC=CD + NaOD 



hexane 



hexane . 



*■ CH,CH,D + LiOD 



■ 

i 



(d) CH 3 Ca,OH + NaH > CH 3 CH 2 ONa + H 2 

(e)CH 3 CH 2 ONa + T 2 ^^* CH.CH.OT + NaOT 
(f) CH,CH,CH 2 Lt I- D 2 ^^* CH 3 CH 2 CH 2 D + LiOD 



3.15 (a) :NH 2 " (the amide ion) 

(b) H— 6 : " (the hydroxide ion) 

(c) :H~ (the hydride ion) 



(d) H— C=sC:~ (the ethynide ion) 

(e) CH 3 0: (the methoxide ion) 

(f) H,0 (water) 



3.16 -mi > m* > H-Cs=o" > CH 3 q:" 



H-O:" > H 2 



3.17 (a) H 2 S0 4 

(b) H,0 + 

(c) CH,NH,+ 



(d) NH, 

(e) CH,CH, 

(f) CH,CO,H 
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3.18 H 2 S0 4 > H,0+ > CH,C0 2 H > CH,NH, + > NH, > CH 3 CH, 



3-19 (a) CH,CH— Cl: * A1C1, 



Lewis Lewis 

base acid 



(b) CH,— OH + BF 3 

Lewis Lewis 

base acid 



;C1: 
' CH.CH,— Cl-Al— Cli 

■■ x ■■ 



CH, 



-* CH,— 0— B— F: 
3 I I •• 
H W- 



CH, 



(c) CH-C + + H 2 0: —p CH 3 — C-OH,+ 



\ 
CH, 

Lewis Lewis 

acid base 



OS 



CH, 



3.20 (a) CH,— OH + H^I 



> CH,— O-H + :I: 

3 I 
H 

H 

(b) CH,— NH, -l- ~H— Cl: *> CH,— N-K + :Clf 

8 



,0, 



(c) C=C + H C -%: 

H' "h 



H H 

-*■ H-C-C-H + Cft 
+ I 
H 



3.21 Because the proton attached to the highly electronegative oxygen atom of CH.OH is much 
more acidic than the protons attached to the much less electronegative carbon atom. 

3.22 m & m r mm r 7^^sc^n M ^*'CMfM f -m * h- c =c-h 

3.23 (a) pK„= -log 1. 77 X l0- 4 = 4 -0.248 = 3.752 
(b) K it =lQ- i} ; 

3.24 (a) HB is the stronger acid because it has the smaller pK ,. 

(b) Yes. Since A~ is the stronger base and HB is the stronger acid, the following 
acid-base reaction will take place. 



A'" + H— B 

Stronger Stronger 

base acid 

PK 3 = 10 



-*• A— H + BJ" 
Weaker Weaker 

acid base 

pK a =20 
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3.25 (a) CH3CH-C-O-H + iO-H 



<0 

II S*f& 



(b) CJL-S-C^H + iO-H 

6 5 n .. 



■*■ ch 3 ch-c-6; + H-O-H 



'•O 

C 6 H-S-0: + H^D-H 



II 



(c) No appreciable acid-base reaction takes place because CH 3 CH 2 ONa is too weak a 

base to remove a proton from ethyne. 

S) S ~\ hexane _ — „._ , pn pu 

m H -C=C-H + -:CH 2 CH 2 * H-C=C + CH,LH, 

(from 
UCH,CHj) 

{e) mf ^m<P*mm i ^ CH 3 -CH 2 -0=- + .CH 3 CH 3 
(from 
LiCaCHj) 



ether 



CM-— C — C:- Na + + NH, 

6 3 



3.26 (a) C 6 H-C=C-H + NaNH 2 
then 
eJr_0.Cr-.Wf* + T2O ► C 6 H 5 -C-C-T + NaOT 



(b) CH,— CH-O-H + NaH 
CH, 
then 



-> CH,— CH— ONa + H, 
3 I 
CH, 



CH 3 -CH-ONa + D 2 



CH 3 



-*■ CH 3 -CH-0-D + NaOD 
CH, 

-#■ CH,CH,CHjONa + H, 



(c) CH 3 CH,CH,OH + NaH 

then 

CH 3 CH 2 CH 2 ONa ♦ D 2 + C^CH^OD + NaOD 

3 27 m -CH,CHX>H > CH,CH 2 NH, > CH 3 CH 2 CH 3 

Oxyoen is more electronegative than nitrogen, which is more electronegative than carbon. 

The b-H bond is most polarized, the N-H bond is next, and the C-H bond ,s least pola,- 

ized. 

(b) CH,CH 2 0" < CH,CH 2 NH- < CH,CH 2 CH,- 

The weaker the acid, the stronger the conjugate base. 



3.28 (a) CH 3 C-CH > CH 3 CH=CH, > CH 3 CH,CH 3 

(b) CHjCHCICOjH > CH 3 CH 2 C0 2 H > CHjCHjCHjOH 

(c) CH 3 CHjOHj + > CH 3 CH,OH > CH 3 OCH 3 

3.29 (a) CH 3 NH 3 * < CH 3 NHj < CH 3 NH " 

(b) CH3O " < CHjNH " < CH 3 CR, " 

(c) CH 3 C=Cr < CH 3 CH=CH" < CH^HjCHj * 

3.30 The acidic hydrogens must be attached to oxygen atoms. In H,PO,. one hydrogen is 
bonded to a phosphorus atom: 



H— 0— P — O— H 



T 

H 

7 

3.31 (a) H— C + :0— H 

\ -. 
.0— H 

■ >0 ' 



:0— H 



.. II 
H— O— P— H 
•' I 
:0: 

I 
H 




'O' 
// 

H— C + H— O: 

5fc- k 



:0: 

I .. 
H— C— O— H 
I " 
:0— CH, 



:0:s 

\A, 

(c) H— C— O— H 

17" 
:0 — CH, 



,0: 



H— C 



!**-H 



+ :0— CH 



(d) H— Or + CH— I: 



CH, 

Let 



H— 0— CH, + !|i 
CH, 



(e) H— Or + H— CH 2 — C— CI 

CH, 



CH,=C 



+ :Cl: 
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3.32 



(M Assume that the acidic and basic groups of glycine in its two forms have acidities 
and basicities similar to those of acetic acid and methylamine. Then consider the equilib- 
num between the two tonus; 



"0' 



H— N— CH,—C— O— H « 

^ Stronger Stronger J 

base acid 



H '0' 

-*• H— N^-CH,— C— O 

^ Weaker Weaker 
acid base 



3.33 



3.34 
Mi 



We see that the ionic form contains the groups that are the weaker acid and weaker base. 

The equilibrium, therefore, will favor this form 

lb) The high melting point shows that the ionic structure better represents glycine. 

M The second carboxvl .roup of malonie acid acts as an electron-withdrawing group 
and stabilizes the conjugate base formed (i *. H0 2 CCH 2 COP I when malomc acrd loses 
a proton. lAnv facto," that stabilizes the conjugate base of an acid always increases the 
strength of the acid (Section MOO J An important factor here may be an entropy el- 
fect as explained in Section 3.9. 

(b) When "0,CCH,CO,H loses a proton, it forms a dianion. -0,CCH 2 C0 2 . This 
dianion is destabilized by having two negative charges in close proximity. 

HB is the stronger acid. 

ACT = AH 11 ~ T\S : 

= 6.3 kJ moP 1 - (3§l KX0.0084 kJ moP'KP 1 ) 

= 3.8 kJ moP 1 

AG" 



3.3d 



log K ul = log I„ = - p K„ - - , 30?/?7 - 
AG° 

3.8 kJ mol' 1 

pK " = O303K0 00S3I4 U«f 'K - ' 1(298 K)" 

pA.'„ = 0.66 

The dianion is a hybrid of the following resonance structures: 



:S tof 



& 



€ 



■■°Z^ & - 



tt tti, 



.0' 



'o: 

/ • 






*i 



"o: :o. 



J 



% 



O- 



:0 



S 



% 



0: 
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If we mentally fashion a hybrid of these structures, we see that each carbon-carbon bond 
is a single bond in three structures and a double bond in one. Each carbon-oxygen bond 
is a double bond in two structures and a single bond in two structures. Therefore, we would 
expect all of the carbon-carbon bonds to be equivalent and of the same length, and exactly 
the same can be said for the carbon-oxygen bonds. 

"3.37 (in A is CH,CH,S" B is CH,OH 

C is CH,CH 2 SCH 2 CH 2 CP D is CH,CH 2 SCH 2 CH 2 OH 
E is oi-r 



(b) CH,CH,— S— H + CH,— O: 
CH,CH,— S: + CH,— CH, 



CH 3 CH,— S: + CH 3 — 0— H 
CHjCH,— S— CH,CH,— O:" 



a 



CH,CH,— S — CH,CH,— O: + H— O— H 



CH,CH,— S— CH,CH,— O— H + H— O: 



"3.38 (a) CH.,(CH 2 i s OD + CH,(CH,) S Li 



CH,(CH 2 ) s O" Li + + CH,(CH 2 1 S D 



Hexane could be used as solvent. Liquid ammonia and ethanol could not because 
they would compete with CH,(CH 2 | K OD and generate mostly non-deuterio-labelled 
CH^CH 2 ) 7 CH,. 



(b) NH, + CH,C = CH 



->■ NH, + CH,C = C: 



Hexane or liquid ammonia could be used: ethanol is too acidic and would lead to 
CHiCHiO - (ethoxide ion) instead of the desired alkynide ion. 



c) HC1 + \(~j)— NH, — > (Cj)—NU } + CI 






Hexane or ethanol could be used: liquid ammonia is too strong a base and would 
lead to NH 4 + instead of the desired anilinium ion. 



"3.39 (a.b) ^'O' 

I /)./CH, + 
H N 

CH, 



df 



' H &\ 



CH, 



CH, 



(c) Since DMF does not bind with (solvate I anions, their election density remains high 
and their size small, both of which make nucleophiles more reactive. 
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"3.40 (a) /^ 



:0: 



(b) 



(0 



:0: 

.«:.- *> / c ^ 

H,C CH, H 3 C CH, 



'O' 



C + :NH; ~> / v __ + NH 3 

H,C CH 3 H 3 C CH 2 



C + D,0 

/ \.. - 
H,C CH, 



"O" 

C + OD" 

/ \ 
H,C CH 2 D 
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3.6 Which would be the weakest base? 

(a) CH 3 C0 2 Na (b) CF,C0 2 Na (c) CHF,CO,Na (d) CH,FCO,Na 

3.7 What acid-base reaction (if any) would occur when NaF is dissolved in H,SOy? 

3.8 The pK a of CH,NH, + equals 10.6; the pA'„ of fCH,),NH,+ equals 10.7. Which is the stronger 
base, CH,NH 2 or(CH 3 ),NH? 

3.9 Supply the missing reagents. 

(a) 



CH 3 CH,C =CH + 



hexane 



*- CHjCHjC =C :' W + CH3CH3 
(b) 



QUIZ 



3.1 



3.2 



3.3 



3.4 



3.5 



(e) CH,CO,Na 



Which of the following is the strongest acid? 

,a) CH 3 CH 2 C0 2 H (b) CH,CH 3 <c) CH 3 CH,OH (dl CH 2 =CH 2 

Which of the following is the strongest base? 

(a) CH 3 ONa (b) NaNH 2 (O CH,CH,Li fd) NaOH 

Dissolving NaNH 2 in water will give: 

(a) A solution containing solvated Na + and NH," ions. 

IU A solution containing solvated ffl> ions. OH " ions, and NH 3 . 

(c) NH-, and metallic Na. 

(d) Solvated Na + ions and hydrogen gas. 

(e) None of the above. 

Which base is strong enough to convert (CH 3 ) 3 COH into (CH 3 ) 3 CONa in a reaction that 

goes to completion? 

(a) NaNH, (b) CH,CH,Na 

(e) More than one of the above. 



(O NaOH (d) CH,CO,Na 



Which would be the strongest acid? 

(a) CH 3 CH 2 CH 2 C0 2 H (b) CH 3 CH 2 CHFC0 2 H (O CH 3 CHFCH 2 C0 2 H 

(d) CH 2 FCH 2 CH,CO,H (e) CH,CH,CH 2 CH 2 OH 



3.10 Supply the missing intermediates and reagents. 

(a) 



CH 3 Br + 2 Li 



CH 3 CHCH,OT + LiOT <*r^— 



(c) 



(b) 



+ LiBr 
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ALKANES- NOMENCLATURE, 
CONFORMATIONAL ANALYSIS, AND AN 
INTRODUCTION TO SYNTHESIS 



SOLUTIONS TO PROBLEMS 



4.1 



Heptane 



2-Methylhexane 



3-Methylhexane 




2,2-Dimethylpen.ane 3,3-Dimethylpentane 2,3-Dimethylpentane 



2,4-Dimethylpentane 

4.2 (a) CH,CH 2 CH 2 CH : CH : - 
Pentyl 
CH,CH;CH(CH,)CH : - 
2-Methylbutyl 

CH,CHCH(CH,)CH 3 

"I 

1 ,2-Dimetliylpi'opyl 



3-Ethylpentane 



2,2,3-Trimethylbutane 



CH,CH 2 CH : CHCH, CH,CH : CHCH,CH 3 

1-Methylbutyl 1-Etliylpropyl 

CH : ,CH(CH ;! )CH,CH : — 
3-Methylbuty! 

CH 3 C(CH 3 ICH 2 CH : - 
1.1-Dimethylpropyl 






4.3 (a) CH 3 CH 2 CH 2 CH,CI 
1-Chlorobutaiie 



CH 3 CH 2 CHCH 3 



I 

CI 
2-Chlorobutane 



(b) CHjCHjCHjCH^HjBr 
1-Broinopentane 



CH 3 CH 2 CH 2 CHCH 3 

Br 
2-Bromopentane 



CH 3 CH 2 CHCH 2 CH 3 

Br 
3-Bromopentaiie 



CH 3 
CH 3 CCH : Br 

CH 3 
l-Bromo-2,2-dimethylpropane 



4.4 (a) CH 3 CH 2 CH 2 CH 2 OH 
1-Butanol 



;b) See the answer to Problem 4. 1 for the names of C 7 H K , isomers. 



CH 3 CH 2 CHCH 3 

01 
2-Butanol 



CH 3 CHCH,C1 

CH 3 
I-Chloro-2-methylpropane 

CH 3 
CH,-C-CH, 

CI 
2-Chloro-2-methyIpropane 



CH 3 CHCH 2 CH 2 Br 

CH 3 
1 -Bromo-3-raethylbutane 



CH 3 CH 2 CHCH 2 Br 

CH 3 
1 -Bromo-2-methylbutane 

CH, 
I 3 
CH,CHCHCH, 
3 I 3 
Br 

2-Bromo-3-methylbutane 

CH 3 
CH 3 CH 2 CCH 3 

Br 
2-Bromo-2-methylbutane 



CH 3 CHCH 2 OH 

CH 3 
2-Methyl- 1-propanol 

CH 3 
CH,C0H 

CH 3 
2-Methyl-2-propanol 



! 
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(b) CH 3 CH 2 CH 2 CH 2 CH 2 OH 
1-Pentaiiol 

CH 3 CH 2 CHXHCH 3 

OH 
2-Pentanol 

CH 3 CH 2 CHCH,CH 3 

OH 
3-Pentanol 

CH 3 
CH 3 CCH,OH 

CH 3 
2.2-Dimethyl-l-propaiiol 



CH,CHCH 7 CH,OH 
3 I " " 
CH 3 

3-Methyl-l-butanol 



CH,CH,CHCH,OH 

3 2, 

CH 3 
2-Methyl-l-butanol 

CH 3 
CH 3 CHCHCH 3 

OH 
3-Methyl-2-butanol 

CH 3 
CH 3 CH,CCH 3 

OH 
2-Methyl-2-butanol 



4.5 (a) l-( l-Methylethyl)-2-( I ,l-dimethylettiyl)cyclopencane or 
|-r<?/7-butyl-2-isopropylcyclopentane 

(b) I -Metliyl-2-(2-methyIpropyllcyclohexane or 
l-isobutyl-2-metriylcyclohexane 

(c) Butylcyclohexane 

(d) 1 -Cliloro-2.4-dimethylcyclohexane 

(e) 2-Chlorocyclopentanol 

<f) 3-( l.l-Dimethylethyl)cycIoliexanol or 3-w/v-butylcyclohexanol 



4.6 (a) 2-Chlorobicyclo[1.1.0]butane 

(b) Bicyclo[3.2.1]octane 

(c) Bicyclo[2.1.1)hexane 

(d) 9-C'hlorobicyclo[3.3.1]nonane 

(e) 2-Methylbicyclo[2.2.2]octane 

(f) I Bicyclo[3.1.0]hexaneor- 




bicyclo[2.1.1]hexane 






:- 






4.7 (a) ^-fl/H-3-Heptene 

(b) 2.5-Dimethyl-2-octene 

(c) 4-Etliyl-2-methyl-l-hexene 

(d) 3.5-Dimelhylcyclohexene 

4.8 (a) 



(e) 4-Methy[-4-penten-2-ol 

(f) 2-Chloro-3-melhyl-3-cycIoliexen-l-ol 





(j) C! 



4.9 



^ 



J? 



1-Hexyne 



2-Hexyne 



3-Hexyne 



X 



% 



3-Methyl-l-pentyne 4-MethyI-l-pentyne 4-Methyl-2-pentyne 



4.10 



HX 



HX. 



HX. 



®^fc n t^ h/c-^h 



hh 






HXvy-K^H H 3 C 

h- T m^ HfK^Cll, H 3 C 
H H li 




0° 60° 120° 180° 240° 300° 360° 
Rotation > 
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4.11 



losA' 



^G 



-7600 J 



H, 



-23mMt (-2.303)18.314 J K"")(29S K") 

K c „ = 21.38 

Let e = amount of equatorial form 
and a « amount of axial form 
then. K e „ = - = 21.38 



X 100 = 95.5% 



1.32 



4.12 (a) 



e 


= 21. 38a 




21. 38a 


Ice 


a + 2'lJgfl 




CI CI 



CI 



Br 



Br 




C! 



m Br/ 



(trans) 



4.13 (a-d) CH 3 -CH 
CH 




CH 3 



(cis) 

CH 3 
C'H-CH 



Br 




(trans) 



■CH, 



More stable because larger 
group is equatorial 



CH, 



Less stable because 
larger group is axial 



4.14 (a) 




H f,. 



(b) Yes 



(c) 



CH 3 

C(CH 3 ) 3 
CH, 



Less stable because the Large 
ten- butyl group is axial 




CH, 




H 3 C„ 




C(CH 3 



More stable because the large 
ten- butyl group is equatorial 



(d) 




'CH, 



CH, 



More stable because both 
methyl groups are equatorial 




CH 3 



Less stable because both 
methyl groups are axial 



i 



i 

i 



4.15 CH,= CHCHCH, 

I " Pd, Pt or Ni 

CH, 



CH,CH = CCH, * 

- j a Pd, PtorNi 

CH, 

H, 



*- CH 3 CH,CHCH 3 <- 
CH 3 



H, 



Pd, Pt 

or Ni 



HC^C— CHCH, 

I 



> CH,CH 2 CHCH, 
CH, 



CH,CH,C = CH 1 * *► CH,CH,CHCH, 



CH, 



CH, 



Pd. Pt or Ni 



Zn 



CH, 



CH, 



4.16 CH,CHCHCH,Br „ . > CH,CHCHCH, 

H.O * I 



CH, 

CH, 

I Zn 

CH,CH — C— CH 

I I 



CH, 



CH, 



— T> CH 3 CHCHCH 3 



CH, 



CH, 



CH 3 

NaNH, ! CH, - Br 
4.17 HCe=CCH,CHCH, ktu 2 > Na + ":C=CCH 2 CHCH, ' ► 



(-NH,) 

CH, 
I 
CH 3 — C=CCH,CHCH 3 



(-NaBr) 

CH, 

H, I 

7> CH,CH 2 CH,CH,CHCH, 



Pd, Pt, or Ni 
pressure 



f3 
HC^CH -*&. HC^C:-Na + Br-CH 2 CH 2 CHCH 3 



(-NH,) 

CH, 
HC=C— CH 2 CH 2 CHCH, 



(-NaBr) 



CH, 

I 



Pd, Pt. or Ni 
pressure 

CH, 



*■ CH 3 CH 2 CH 2 CH,CHCH, 



CH, 
HC-CCHCH 3 »* Na + "X-CCHCH, 



t-wy 

CH, 
CHjCHj— C = CCHCH 3 



(-NaBr) 

CH, 
H, I 

> CH,CH 2 CH,CH 2 CHCH, 



Pd. Pt, or Ni 
pressure 



i 
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Etc. (using the other aikyne 

and alkyl halide 

homolog pairs 




HCsCr 

+ 

X(CH,) 8 CH 3 

2-Methylheptadecane 



CH 3 C=C:- 



X(CH,) 7 CH, 



CH 3 CHX^C:- 

+ 

X(CH,) 6 CH 3 



CH 3 CH,CH,C=C: 

+ 

X(CH,) 5 CH, 






4.19 (a) C1CH,CH,CH 2 CHCH 3 
CI 



(c) GH 3 CHjCH 2 CHCH,CH 2 CH 3 



CHCH 3 
CH, 



'3 



(g) 



CH, 

L 

2 

3 

H /\ H 



(e) CH 3 CHCHCH,CH,CH 

2 

CH 




(b) CHjCHjCHCHj 

Br 
CH 3 

(d) CH 3 C — CHCH,CH 3 



CI C 



(f) 



(h) 



CH, 



H3C 



CH, 



(after hydrogenation of 

the aikyne from 

one of the 

possible retrosynthetic 

disconnections) 



(or homologous pairs) 



•^ 



v ,-^ _ _ . is not a good choice 

(Note that ^k^\ + ^\/\/\ X -\^'\/'''v^/ 

because the alkyl halide is branched at the carbon adjacent to the halogen. 

1 1 I . ~ -a. > work because the 

Neither would ^K « + /SvAjAA^VV 

alkyl halide is secondary.) 

(b) For any pair of reactants above that is a feasible retrosynthetic disconnection, 
the steps for the synthesis would be 



NaNH, 



R' — X 



> R _C=C— R' 



H, 

Pd, Pt, orNi 



RC=C-H w » *>-> (R . is 

(a terminal l ""* (an alkymde primary 

aikyne; anion) and 

R = alkyl, H) unbranched 

at the 

second R — CH 2 CH 2 — R' 
carbon) 



(1) CH,CHCH,CHCH, 
OH CH, 



m 



r>-CH 2 CH 2 CH 2 CHCH 2 CH 



CH, 



(1) CH 3 ~C-CH 2 OH 
CH, 




(n) 



4.20 (a) 3.3,4-Trimethylhexane 

(b) 2.2-Dimethyl-l-butanol 

(c) 3,5,7-Trirnethylnonane 

(d) 3-Methyl-4-heptanol 

(e) 2-Bromobicyclo|3.3. 1 Jnonane 

(f) 2,5-Dibromo-4-ethyloctane 
(a) Cyclobutylcyclopentane 

(h) 7-Chlorobicyclo[2.2.1]heptane 



(J) HOi 



(m) 



(0) 




CH 3 
"CH,CHCH, 




H,CH(CH 3 ), 




4.21 The two secondary carbon atoms in .ser-butyl alcohol are equivalent; however, (here are 
three five-carbon alcohols (pentyl alcohols) that contain a secondary carbon atom. 
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H,C CH, 

I J 



4.22 (a) CH3-C-C-CH3 
Hi CH. 



m 



2,2,3,3 Telramethylbutane 
/CH, 

Nth, 

1,1-DimethyIcyclobutane 




(b) 



m 




Cyclohexane 




icyclo [2.2.2] octane 



4.23 



Each of the desired alkenes must have the same carbon skeleton as 2-methylbutane, 

C 
C— C— C— C; they are therefore 



CH, 

Pd, Pt, orNi ruru ru 

. o >- CH,CHCH,CH, 

- C,H 5 OH " ' 

pressure 



CH, 
CH 2 =CCH,CH, 

CH, 

I ■ 
CH,C=CHCH, 

CH, 

I 
CH,CHCH=CH, 

4.24 Only one isomer of C 6 H 14 can be produced from five isomeric hexyl chlorides 
(C 6 H„C1). CH, 

The alkane is 2-methylpentane, CH,CHCH,CH 2 CH, . The Five alkyl chlorides are 

CH, CH, CH, 

CICH 2 CHCH : CH : CH, CH 3 CC1CH 2 CH 2 CH 3 CH,CHCHC1CH 2 CH, 

CH, CH 3 

CH 3 CHCH 2 CHC1CH, and CH,CHCH 2 C'H 2 CH 2 C1 

CH, CH, 
4.25 CH,CH-CHCH, 2,3-Dimethylbutane 

From two alkyl chlorides 
CH, CH, 



CH,C CCH, 

'I [ 

CI H 

CH, CH, 
C1CH,CH-CHCH, 



CH, CH, 
n > CH,CH-CHCH 3 



H,0 + 



From two alkenes 

CH, CH, 

CH,=C CCH, 

I 
H 

CH, CH, 

I " I 3 
CH 3 C=CCH, 



4.26 CH, 



H, 



CH, 



Pd, Pt, orNi 
pressure 



3 

CH, 
CH, 



H, 



Pd, Pt. orNi 
pressure 



H, 



Pd, Pt. orNi 
pressure 



H, 



Pd, Pt. orNi 
pressure 



H, 



I ' I 



Pd, Pt. or Ni 
pressure 



CH, 



7> CH,CH—CHCH 3 



CH, 



CH, 



CH, 



4.27 (CH 3 ) 3 CCH 3 is the most stable isomer (i.e., it is the isomer with the lowest 

potential energy) because it evolves the least amount of heat on a molar basis 
when subjected to complete combustion. 



CH,(CH,),CH, +8 0, 



AH 




CH 3 CH(CH,)CH,CH, +8 0, 



(CH 3 ) 3 CCH 3 + 8 0, 



AH°= -3529kJmol" 



AH" 



-3515 kJ mot" 
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4 28 A homologous series is one in which each member' of the series differs from the one pre- 
ceding it by a constant amount, usually a CH, group. A homologous senes ot alkyl 
halides would be the following: 

CH 3 X 
CH 3 CH,X 

CH,(CH,) 3 X 
CH 3 (CH,) 4 X 
etc. 



H 9 H ' 

I h :;::=ch 3 -c-ch3 




This conformation is less 
stable because 1,3-diaxial 
interactions with the large 
tert-butyl group cause 
considerable repulsion. 




This conformation is more 
stable because 1,3-diaxial 
interactions with the smaller 
methyl group are less 
repulsive. 



4.30 




CH 3 



Cyclopentane Methylcyclobutane 





ds-l,2-Dimethylcyclopropane 
CH, 



><* 



2 CH 3 



4.31 (a) 



frans-U-Dimethylcyclopropane 1,1-Dimethylcyclopropane Ethylcyclopropane 

ic) \ (d) 




(b) 





4.32 S - A + 1 = N 

For cubane. S = 12 and A = 8. Thus 12 - S + 1 = N; N » 5 rings in cubane. 
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4.33 (a) 




Smallest heat 
of combustion 



(b) 



Least stable 



Largest heat 
of combustion 




Most stable 



4.34 



(a) 







HH 




t 

i 

C 


JP 5 H 3 C^ 


S^CH $** 




■*& y 


CH 3 3 H H ^-^CH 3 












a 

■a 

c 

4) 


H 


H 




a 

a. 


H HjCYtH 3 


H.C-'V'CH, H 






HjC^LCHj CH 3 


™ 3 Ef rk 


JOfc 




HjC^prHj 

H 

I 1 1 


H 

i i i i 


*ch 3 



0° 60° 120° 180° 240° 300° 360° 
Rotation > 



E? 
(b)g 

i 



H 3 C 



h 3 9ch 3 " ( 

H 




JCH 3 




H 3 C C H, 



u< nc ch! 3 h,c 





CH, 



CH, 



CH, 



CH, 



H 3 Cyj^CH 3 HjC^jgCH, H,cJgfcH, H 3 C^CH 3 

H.C^VXH, H^C-VxTH, HjCVCH, HXVCH, 
CH 3 CH 3 CH 3 CH 3 



0° 60° 120° 180° 240° 300° 360° 
Rotation ►• 
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4.35 (a , Fwmm would boil higher because its chain is unbranched. Chain-branching lowers 
the boiling point. 

(b) Heptane would boil higher because it has the larger molecular weight and would, be- 
cause of its larger surface area, have larger van der Waals attractions. 

( c) 2-Chloropropane because it is more polar and because it has a larger molecular 
weight. 

(d) 1-Propanol would boil higher because its molecules would be associated with each 
other through hydrogen-bond formation, 

(e) Propanone (CH,COCH,) would boil higher because its molecules are more polar. 

4.36 C 4 H 6 



<r> 

Bicyclo[1.1.0]butane 



1-Butyne 



The 1R stretch at -2250 cm" 1 for the alkyne C=C bond distinguishes these two 
compounds. 

4.37 ira ,.J-l,2-Dimethylcydopropane would be more stable because there is less 
crowding between its methyl groups. 



4.3S (a) 



(b) 




CH, 



H H 

Less stable 



CH 3 

trans 

More stable because both methyl 
groups are equatorial in the most 
stable conformation 



H 3 C 



More stable because both methyl 
groups are equatorial in the most 
stable conformation 



H 3 C 

H 




CH, 



More stable 




CH, 



■CH, 



cis 



Less stable because one methyl 
group must be axial and so has 
the larger heat of combustion 



CH, 




H,C 



trans 



Less stable because one methyl 
aroup must be axial and so has 
the laraer heat of combustion 



(c) 



4.39 (a) 



(b) 



(c) 



(d) 



«3 



trans 

More stable because both methyl 
groups are equatorial in the most 
stable conformation 




H 3 C 



Less stable because one methyl 
group must be axial and so has 
the larger heat of combustion 



C(CH 3 ) 



(CH 3 ) 3 C 



CH, 




More stable conformation because 
both alkyl groups are equatorial 



(CH 3 ) 3 C 



CH 3 

More stable because larger group 
is equatorial 



:<ch,) 





CH, 



(CH,),C 



More stable conformation because 
both alkyl groups are equatorial 



CH, 



(CH 3 ) 3 C 





More stable because larger group 
is equatorial 

4.40 If the cyclobutane ring were planar, the C— Br bond moments would exactly 
cancel in the trans isomer. The fact that fraM-l,3-dibromocyclobutane has a 
dipole moment shows the ring is not planar. 



Br 

V 




X 

Br 



Planar form 
H = 



If 

VT 

Bent form 



52 ALKANES 



4.41 (a) H 2 : Pd. h, or Ni catalyst, pressure 

(b) (1) NaNH 2 (2) BrCH 2 CH 2 CH 2 CH 3 



(c) (1) 



= ■- Na + (from 



NaNH, , 
(-NH 3 ) ' 



=:" Na + ) 



(2) H 2 : Pel. Pt. or Ni catalyst, pressure 




(e) Hy. Pel. Pt. or Ni catalyst, pressure 



(f) 



"4.42 (a) 



'4.43 



CH, 

I 
X— CH 2 CCH 3 

CH 3 



/^Y^ CH 3 



\/~^r' 



-CH, 



(b) From Table 4.8 we find that this is 
ch- 1 .2-dimethylcyclohexane. 



,c, Since catalytic hydroaenation produces the c,s isomer, both hydrogen atoms must 
have added from 'the 8 ame side of the double bond. (As we shah see ,n Sectton 7 14. 
this type of addition is called a syn addition. 



Pt 



CCH 3 H,C 



uc\ t CH 3 
H H 



H H 
cis- 1,2-Dimethylcyclohexane 




The cis isomer is produced 
when both hydrogen atoms 
add from the same side. 



(a) From Table 4,8 we find that this is mm.s-l,2-dichlorocyclohexane. 

(b) Since the product is the trans isomer, we can conclude that the chlorine atoms 
have added from opposite sides of the double bond. 



CI 

_i 



ci 



t 

Cl 



CI 



^Z 



trans-l ,2-Dichlorocyclouexane 



~Y~ 



The trans isomer is produced 
when the chlorine atoms 
add from opposite sides of 
the double bond. 
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4.44 If fray«-l,3-di-/t'c;-butvlcyclohexane were to adopt a chair conformation, one terr-buty\ 
group would have lobe axial It is, therefore, more energetically favorable for the molecule 
to adopt a twist boat conformation. 



%m (at 

<b) 

(C) 

(d) 



'4.47 



More rules are needed (see Chapter 7) to indicate relative stereochemistry for these 

I -bromo-2-chlora- 1 - fluoi oethenes. 

Bicycio[4.4.01decane (or decalin) 

Bicyclo|4.4.0|dee-2-ene (or V-octalin) 

Bicyclo[4.4.0]dec-l-ene (or A hs '"-octalinl 

NOTE. The common name decalin comes from decahydronaphlhalene. the deriva- 



tive of naphthalene 




that has had all of its five double bonds con- 



verted to single bonds by addition of 1 atoms of hydrogen. Octalin similarly comes 
from octahydroiiaphthalene and contains one surviving double bond. When using 
these common names derived from naphthalene, their skeletons are usually num- 
bered like that of naphthalene. When, as in case (d). a double bond does not lie be- 
tween the indicated carbon and the next higher numbered carbon, its location is spec- 
ified as shown. 

Also, the symbol A is one that has been used with commom names to indicate 
the presence of a double bond at the position specified by the accompanying super- 
script number(s). 

4.46 D-Glueose has all of its attached groups equatorial in the lowest energy chair confor- 
mation. Other sugars have at least one group axial in their lowest energy chair confor- 
mation. 

Because if the configuration of stereocenters is changed, not all of the ring substituents 
can simultaneously be in the preferred equatorial position, as they are in glucose. 



H 



H H 




H 



H H 



H H H 



i-r 



cis 



The trans isomer would be more stable because it can have both of its rings in the fa- 
vored chair conformation, avoiding the many eclipsing interactions found in the doubly 
boat conformation ol the cis isomer (which would actually increase its stability slightly 
by twisting to avoid some eclipsing interactions). 



'4.48 H-C=C-CsC-H 



2 mol equiv. LiNH, 



2 mol equiv. CH 3 (CH,) 3 Br 
CH,(CH 2 ),— C=C— C=C— (CH,),CHj 



H, 



Pt catalyst 



CH,(CH,) I0 CH 
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QUIZ 



4.1 Consider the properties of the following compounds: 

NAME FORMULA BOILING POINT CO MOLECULAR WEIGHT 

Ethane CH,CH, -88.2 30 

Fluoromethane CH ; ,F -78.6 34 

Methanol CH,OH +64.7 32 

Select the answer that explains why methanol boils so much higher than ethane or fluoro- 
methane, even thougli they all have nearly equal molecular weights. 

(a) Ion-ion forces between molecules. 

(b) Weak dipole-dipole forces between molecules. 

(c) Hydrogen bonding between molecules. 

(d) van der Waals forces between molecules. 

(e) Covalent bonding between molecules. 



4.2 Select the correct name of the compound whose structure is 

CH, 
I 
CH,CH 2 CHCHCH,CH,CHCH 3 

CH,CH, CH 2 CH 3 

(a) 2,5-Dietbyl-6-methyloctane 

(b) 4,7-Diethyl-3-methyloctane 

(c) 4-Ethyl-3,7-dimethylnonane 

(d) 6-Ethyl-3,7-dimethylnonane 

(e) More than one of the above 
4.3 Select the correct name of the compound whose structure is CH 3 CHCH 2 C1 

(a) Butyl chloride 

(b) Isobutyl chloride 

(c) sec-Butyl chloride 

(d) rerf-Butyl chloride 

(e) More than one of the above 



CH, 
I 3 
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4.4 The structure shown in Problem 4.2 has: 

(a) r. 2°. and 3° carbon atoms 

(b) I° and 2° carbon atoms only 
fc) I" and 3° carbon atoms only 

(d) 2° and 3° carbon atoms only 

(e) None of the above 

4.5 How many isomers are possible for C,H 7 Br? 
(a) I (b) 2 (c) 3 (d) 4 (e) 5 

4.6 Which isomer of l.3-dimethylcycIohexane is more stable? 
(al cis (b) trans (c) Both are equally stable 

(d) Impossible to tell 



4.7 Which is the lowest energy conformation of rra«ir-l,4-dimethyIcycIohexane? 




CH, 



(b) 




CH 3 
CH, 



(d) H,C 




H 



(e) More than one of the above 
4.8 Supply the missing structures 
(a) 



(b) 



ring flip 




2-Bromobicyclo[2.2.1]heptane 



I . 
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(c) Newman projection for a gauche form of 1,2-dibromoethane 



4.9 Supply the missing reagents 
CH, 

(a) 



! CH, 




CH, 



CH,CHCH,CH,CT 









— f 


(b) 









CH 3 
CH,CHCH,CH 3 



4.10 The most stable conformation of rraHi-l-isopropyl-3-methylcyclohexane: 




\3 



STEREOCHEMISTRY: 
CHIRAL MOLECULES 



SOLUTIONS TO PROBLEMS 



5.1 (a) Achiral 
(bl Achiral 

5.2 W Yes 



(O Chiral 
(d) Chiral 

(b) No 



(e) Chiral 

(f) Chiral 

(c) No 



(g) Chiral 
(h) Achiral 



5.3 (a) They are the same molecule, (b) They are enantiomers. 

5.4 (a), (b), and (f) do not have stereocenters. 



CH, 



CH, 



(c) Hk^^Cl 

h 

CH 3 (1) 

CH 3 

(d) H^,^.CH 2 OH 

CH, 
I 2 
CH 3 (1) 

CH 3 

(e) Hb^^-aBr 

CH, 
CH, 
CH 3 (1) 



Cl^--H 



CR 



(2) 



CH 3 
HOCH,k^-dH 

I 
CH, 

I " 
CH 3 (2) 

CH 3 
Br&^-aiH 

CH, 
I - 
CH 3 (2) 
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CH, 

CH 2 
(g) H^-*CH 3 

CH, 
CH, 



CH 3 



(I) 



(h) H«*^CH 2 C1 

CH, 
I 2 
CH 3 (1) 



CH, 
I 3 
QHj 

H 3 Cfc^.--H 

I 
CH 2 

CH 2 

CH 3 (2) 

QH 3 

C1CH 2 ^^<H 

CH, 
I 
CH 3 (2) 



5.5 (a) 




Limonene 




(/?) 



\/\ 




(b) 



5.6 (a) Two in each instance. 




"T-S 



o 

Thalidomide 




H— ---CI fife— -CI 

Vl i iV 7 

.A! and Ai 

H -CI CI H 



H V-N 
O O \ 

m 



H Br 


H 


IY! 


and l 


:/ \i 


i. 


H— -- -CI 


ci- 



A 



Br 

H 



(b) Only one in each instance. 
CI 
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Br 



H H 

Any other tetrahedral arrangements will be superposable on one or the other of 
the above. 



(c) Three: H— -- ;F 



(d) Two: 



H— -F H— -Br 

Y] ! X ci and M 

ifj* 6^Br i^t 



CI CI 

5.7 The following items possess a plane of symmetry, and are. therefore, achiral. 
(a) A screwdriver 

(bl A baseball bat (ignoring any writing on it) 
(h) A hammer 

5.8 In each instance below, the plane defined by the page is a plane of symmetry, 
(a) H (b) H (f) H 

c c c 

H 3 C F H,C CH 2 CH 3 CHjCHj &i 

5.9 F>*r &¥ 

A Ci 





H ? Vi 

Br_^ 


% Br 




m 


m 


5.10 (c) 


( I ) is (S) 
(2)is(R) 




m 


(l)is(S) 
(2)is(R) 




(e) 


(1) is (5) 

(2) is(K) 




(g) 


(I) is (5) 
(2)\s(R) 




m 


(l)is(S) 

(2) is m 
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5.11 (a) -CI > -SH > -OH > -H 

(b) -CH 2 Br > -CH 2 C1 > ^H,OH > -CH 3 

(c) -OH > -CHO > -CH 3 > -H 

(d) -C(CH 3 ) 3 > -*»■«% > ^H(CH 3 ) 2 > -I 

(e) -OCH 3 > -N(CH 3 ) 2 > -CH 3; > -H 

5.12 w m < b) iR) (c) (5) 

5.13 (a) Enaiitiomers 

lb) Two molecules of the same compound 
(c) Enaiitiomers 



5.14 °V^Hi 

(S)-(+)-Carvone (R)-(-)-Carvone 
5.15 (a) Enant. Excess 



STEREOCHEMISTRY: CHIRAL MOLECULES 61 




observed rotation 



— X 100 



specific rotation of pure enantiomer 

+usr 

+5.756° 
20.00% 



X 100 



(b) since 
excess 



the m enantiomer (see Section 5.7C) is +. the (/?) enantiomer is present in 

1 



W* (a) CH 3 — * k 

CH 3 -C-CH 2 -Y / _Vc > 

U * ' HI ( 



H 



(S)-Ibuprofen 



1 (b) f , ,- V! 

C-OH /J-\ /"OH 

W H 3 C" NH, 
HO 3 

(S)-Methyldopa 



H CH 3 



(c) 



CH 



fl 



H,C— C- 



> C-OH 

/ 



la h 'V 

(S)-Penicillamine 



5.17 (a) Diastereomers. 

(b| Diastereomers in each instance. 

(c) No. diastereomers have different melting points. 

(d) No, diastereomers have different boiling points. 

(e) No, diastereomers have different vapor pressures. 



STUDY AID 

An Approach to the Classification of Isomers 

We can classify isomers by asking and answering a series of questions'. 



Do the compounds have the 
same molecular formula? 



<r 



Yes 



No 



Are they different? 



If 



Yes 



(jr 



They are not isomers, 



No 



They are isomers. 



They are identical. 



I 



Do they differ in connectivity? 



Yes 



No 



They are constitutional 1 
isomers. S 



(They are stereoisomers.) 



O 



Yes 



Are they mirror images 
of each other ? 

I " 



No 



They are enantiomers, 



They are diastereomers 
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5.18 (a) It would be optically active. 

(b) It would be optically active. 

(c) No. because it is a meso compound. 

(d) No. because it would be a racemic form. 

5.19 (a) Represents A 

(b) Represents C 

(c) Represents B 

5.20 (a) 



(d) 



CH, 



I 

CH 3 

(1) 



QH 3 



H 



CH 3 
(2) 



C! 



v 

Enantiomers 



(b) 



gH 3 



CH 2 

E 

CH 3 

(1) 



HOi 



^H 



CH 3 
(2) 



Y 

Enantiomers 



(c) 



QH 2 C1 



CH 2 CI 
(1) 



I 



(2) 



Y 

Enantiomers 



CH, 



I 

CH 3 

(3) 
Meso compound 



QH 3 



lh*^. 



CH, 



H 



mQ 



■""■OH 



CH, 



(3) 
Meso compound 



H 



^.F 



I 

Ch,ci 

(3) 
Meso compound 



5.21 



5.22 



CH, 
H.^.^OH 

CH, 
I 2 
Cl^^H 
CH 3 

(1) 

v 



Y 

Enantiomers 



CH, 

HOfe^^iH 

I 

CH, 
I " 

£H 3 
(2) 
J 



(e) 



CH 3 
Hta^^iBr 

I 

§H 3 
(1) 



Brh^_<«H 
J 

Ch 3 

(2) 



Y 
Enantiomers 



B is (2S,35)-2.3-Dibromobutane 
C is (2/?,35)-2.3-Dibromobutane 



ill 

m 

03 

(1) 
(2) 

m 
tit 

(2) 
(31 

(li 
(2) 
(33 
(4) 

(el (1) 
(2) 
(3) 
(41 



(a) 



(b) 



(cl 



(d) 



s (25.35)- 
s 11R3R) 
s(2«.35)- 

s (25.45)- 
s (2R.4R)- 
s (2/?.45)- 

s(2«.3/?l- 
s(2S.35)- 
s(2#.35)- 

is (25,45) 
s (2RAR) 
s (25.4«V 
s (IRAS)- 

s (25.35)- 
s(2«.3/?) 
s(25.3/?) 
s (2/?.35) 



2,3-Dichlorobutane 
2.3-Dichlorobutane 
>.3-Dichlorobutane 

!.4-Pentanediol 
2.4-Pentanediol 
M-Pentanediol 



QH 3 

Ho^^aOH 

I 
CH, 

• I * 
H^^Cl 

CH 3 

(3) 



HOi 



1- 



Cl^'^H 
CH 3 

(4) 



Y 
Enantiomers 



CH, 



H^S^Br Btfc^I^H 

I 

P[p~C-«*p 

Sh, 



i 

F^^H 



(3) 



(4) 



Y 

Enantiomers 



l.4-Dichloro-2.3-diriuorobutane 
1 .4-Dichloro-2.3-difIuorobutane 
1 .4-Dichloro-2.3-difluorobutane 



4-Chloro- 
-4-Cliloro 
4-Chloro- 
4-Chloro- 

2-Bromo- 

■2-Bromo 

-2-Bromo- 

Bromo- 



2-pentanol 
-2-pentanol 
2-pentanol 
2-pentanol 

3-f'luorobutane 
■3-fluorobutane 
3-fluorobutane 
3-fluorobutane 
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NO, 

T 
h ^9^nhcOCHC1 2 

CH 2 OH 

Chloramphenicol 

5.24 (a) No (b) Yes (c) No (d) No (e) Diastereomers 



(f) Diastereomers 
5J5 Me Me Me 



K A 

H v H H 



Meso compound 




H H 



Me 



Ml— "H 



Y" 

EnanLiomers 



5.26 (a) H 




CI 




Br CI 
Br CI 



(IR,2R) 
Enantiomers 



>' 



(both trans) 
J (ISP-S) 



H 




Br CI 
Br CI 



(IR,2S) 

Enantiomers 
(both cis) 

(15,2«) 
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CI 



Br 



T* 




Br 
CI 



Br 
CI 



CU 



»^ 



Br 1 
H. 



Br 
CI 



H 



CI 



(15,3fi) 

Enantiomers 
(both cis) 

(1«,35) 

(15,35) 

Enantiomers 
(both trans) 

(1K,3«) 



Br 




Achiral (cis) 
5.27 See Problem 5.26. The molecules in (c) are achiral. so they have no (R-S) designation. 



5.28 



O 
II 
C — H 




II 
C— OH 



HO — C— H Hg ° > HO — C — H < HN ° 2 (5)-(-)-lsoserine 
I I H ^° (Seethe following 

CH,OH CH,OH ,. eaL , ion . also , 



(S)-( ~ )-Glyceraldehyde (S)-( + )-Glyceric acid 

! 

C— OH 



C—OH 



J 

C — OH 



J™^ H 0-C-H *LM^ HO-C-H 

, HBr | | 

CH,-NH, CH,-Br CH, 



HO — C-»H 
I 

CH 2 -r- 

(S)-(— Hsoserine 



(R)-(+)-3-Bromo- 
2-hydroxypro- 
panoic acid 



(S)-( + )-Lacticacid 
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H,C Zn, D + (e.g. DC1) H 3 C 

1 XHoCl inD,0 w H^/ CH 2 D 



H^> 



I 



I 
C,H 5 

(fi)- l-Deuterio-2-methylbutane 



C 2 H 5 

(5)-(+)-l-Chloro-2-melhyIbutane 

5.30 (a), (b), (f) and (g) only 

5.31 (a) Seven. 

(b) (/?)- and (S)-3-Methylhexane and (/?)- and (S")-2.3-dimethylpentane. 



5.32 (a) and (b) 




.CI 
CI 



(c) Four 

(d) Because a trans arrangement of the one carbon bridge is structurally impossible. Such 
a molecule would have too much strain. 

5.33 (a) A is (fl,5)-2.3-dichlorobutarie: B is (S.SVa.B-dichlorobutane: C is (R.R)-23- 
dichlorobutane. 



(b) A 
5.34 (a) CH 3 



CH, 



-CH, 



(b) 




CH, 



and 




CH, 



CH 3 H 3 C 
(other answers are possible) 



and 




CH 2 and CH.; 






CH, 



CH, 



CH 3 (other answers are possible) 
(d) CH, 



H 1 



J ^CH=CH 2 



CH, 



and 



CHf=CH V 



iH 



CHjCH, 
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(e) H 3 C N CHjC^C 

c=c 
/ \ 

H H 


H 3 H 3 C H 

and c=C 
/ \ 
H CH,CH 2 CH 3 




(other answers are possible) 


5.35 


(a) Same 


(j) Enantiomers that are interconvertible by a ring flip 




(b) Enautiomers 


(k) Diastereomers 




(c) Diastereomers 


(1) Same 




fd) Same 


(m) Diastereomers 




(e) Same 


(n) Constitutional isomers 


. 


(f) Constitutional isomers 


(o) Diastereomers 




(g) Diastereomers 


(p) Same 




(h) Enantiomers 


(q) Same 




(i) Same 





5.36 All of these molecules are expected to be planar. Their stereochemistry is identical to 
that of the corresponding chloroethenes. (a) can exist as cis and trans isomers. Only one 
compound exists in the case of (b) and (c). 



5.37 (a) 

(b) 
(c) 

(d) 

5.38 (a) 



(b)' 
(c) 

m 



(i) 



CH 3 
CH 3 (2) * (3) ^ 



CH, 



(4) 




CH, 



(3) and (4) are chiral and are enantiomers of each other. 

Three fractions: a fraction containing (1). a fraction containing (2). and a fraction 
containing (3) and (4) [because, being enantiomers. (3) and (4| would have the 
same vapor pressure] 

None 



H 




H 




Et Et 
Et '. Et 



H H 

No, they are not superposable. 

No, and they are, therefore, enantiomers of each other. 
Et Et 



H H 

Et Et 





H 



.L ! 
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(e) No, they are not superposable. 

(f) Yes, and they are, therefore, just different conformations of the same molecule. 

H H 

5.39 (a) Et /^^y^Et EtA^^\ Et 

h ;, H 

(b) Yes, and therefore trans- 1.4-diefhylcyclohexane is acbiral. 

(c) No, they are different orientations of the same molecule. 

(d) Yes, ds-l,4-diethylcyclohexane is a stereoisomer (a diastereomer) of rra/i^-1.4- 
diethylcyclohexane. 



Et 



Et 




H 



cis- 1 ,4-Diethy lcyclohexane 



(e) No. it. too, is superposable on its mirror image. (Notice, too, that the plane of the 
page constitutes a plane of symmetry for both cis-\ .4-diethylcyclohexane and for 
rram-l,4-diethylcyclohexane as we have drawn them.) 

5.40 rrans-l,3-Diethylcyclohexane can exist in the following enantiomeric forms. 
.Et Et, 

m h: 

H| I H 

Et Et 

trans-1,3 -Diethylcyclohexane enantiomers 

d.s-l,3-Diefhylcyclohexane consists of acbiral molecules because they have a plane of 
symmetry. [The plane of the page (below) is a plane of symmetry.! 





Et 




Et 



H 



H 



cis-l,3-Diethylcyclohexane 
*5.41 (a) Since it is optically active and not resolvable, it must be the meso form: 



Q0 2 H 
H^-*OH 

I 



H 



'OH 
C0 2 H 



(b) QO,H 
H«^^OH 

I 

COJH 



CO,H. 

J 
H*i-<OH 

CO,H 



(meso) 
(c) No (d) A racemic modification 



QUIZ 



*5.42 (a) Ma- 
lt)) [a\ D 



-30° 



(ft. 10 g/mL)(I.O dm) 

+ 165° 
(0.05 e/mLKI.O dm) 
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300° 



5300° 



The two rotation values can be explained by recognizing that this is a powerfully 
optically active substance and that the first reading, assumed to be —30°. was re- 
ally +330°. Making this change the [a'] D becomes +3300° in both cases. 

(c) No. the apparent 0° rotation could actually be + or —360° (or an integral multiple 
of these values). 

*5.43 Yes. it could be a meso form or an enantiomer whose stereocenters. by rare coincidence, 
happen to cancel each others activities. 

*5.44 A compound C : J-] (> 02 has an index of hydrogen deficiency of 1 . Thus, it could possess 
a carbon-carbon double bond, a carbon-oxygen double bond, or a ring. 

The 1R spectral data rule out a carbonyl group but indicate the presence of an 
— OH group. 

No stable structure having molecular formula C ? H 6 2 with a C=C bond can ex- 
ist in stereoisomeric forms and 1.2-cyclopiopanediol can exist in three stereoisomer^- 
forms. 

Only ethylene oxide (oxirane) derivatives are possible for Y: 



CH 2 OH HOCH 2 
J ^7 

o o 



5.1 Describe the relationship between the two structures shown. 



CH 3 



H 



Hu^^Br CH^*JL«®r 

I I 

CI CI 

(a) Enantiomers (b) Diastereomers (o Constitutional isomers 

(d) Conformations (e) Two molecules of the same compound 

5.2 Which of the following molecule(s) possess(es) a plane of symmetry? 



(a) Hw^Cl 

I 
Br 



I 

I 
Br 



H 



(d) More than one of these (e) None of these 
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5.3 Give the (/?-S) designation of the structure shown. 

ft CH 3 
HO-C«^^H 

CI 
(a) (/?) (b) (5) (c) Neither, because this molecule has no stereocenter 

(d) Impossible to tell 
Select the words that best describe the following structure: 



5.4 



5.5 



I 

CH 3 
(a) Chiral (b) Meso form (c) Achiral (d) Has a plane of symmetry 
(e) More than one of these 

Select the words that best describe what happens to the optical rotation of the alkene 
show n when it is hydrogenated to the alkane according to the following equation: 



CH 3 CH 2 fc^.*aiCH 3 






+ H, 



Ni 



H 



I 
CH=CH, 



*> CH 3 CHj w^CH, 
CH 2 CH 3 



(a) Increases 

(d) Stays the same 



(b) Drops to zero 

(e) Impossible to predict 



(c) Changes sign 



5.6 



There are two compounds with the formula C 7 H K> that are capable of existing as enan- 
tiomers. Write three-dimensional formulas for the (5) isomer of each. 
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5.7 Compound A is optically active and is the (S) isomer. 



m 



CHiC HCrLC Hi 
CH 2 CH 3 



Compound B is a hydrocarbon With the minimum number of carbon atoms necessary 
for it to possess a stereocenter and. as well, alternative stereochemistries about a double 
bond. 





6 



IONIC REACTIONS— 
NUCLEOPHILIC SUBSTITUTION AND 
ELIMINATION REACTIONS 
OF ALKYL HALIDES 



SOLUTIONS TO PROBLEMS 



6.1 (a) n%-|i + CHjCH-O: 

Substrmc Nucleophile 

(b) :'lT + CH,CH-Br: 
Nucleo- Substrate 

phile 

(c) CH,OH + <CH 3 ) 3 C-C1: 

Nucleo- Substrate 
phile 



(d) CH,CH,CH,-Br; + ":CsN: 



Substrate 



Nucieo- 
phile 



(e) C 6 H 3 CH-Br: + :NH 3 

Substrate Nucieo- 

phile 



6.2 



:\:- 



(CH 3 ) 3 C 



Br) 



72 



-> CH.— 0-CH,CH ; * ■■}_■ 

Leaving 
group 



-J* CH_,CH 2 - 



+ :Br: 

Leaving 
group 



+ (CH 3 ) 3 C-0-CH 3 + SCIJ +H 
Leaving 
group 

-~* CH,CH,CH,— CN + sBr: 



Leaving 
group 



■*" C 6 HjCHj— NH, + :Br:+H 

Leaving 
group 



:|! 



■> (CH 3 ) 3 C 




+ :Br; 



1 



•..' 



: : 



t ■ 
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6.3 (a) We know that when a secondary alkyl halide reacts with hydroxide ion by substitution. 
the reaction occurs with inversion of configuration because the reaction is S N 2. If we know 
that the configuration of ( - )-2-butanol (from Section 5.7C) is that shown here, then we can 
conclude that (+)-2-chlorobutane has the opposite configuration. 



I 
CH, 

CH 3 

(fl)-(-)-2-Butanol 

Mf= -13.52° 



Off 

S N 2 



CH 3 
Ht^A^sC 1 

I 
CH, 

CH 3 

(S)-(+)-2-ChIorobutane 

[a] j^ 5 ° = +36.00° 



(b) Again the reaction is S N ,2. Because we now know the configuration of (+)-2-chloro- 
butane to be (S) [at, part (a)], we can conclude that the configuration of ( - )-2-iodobutane 
is(«). 



QH 3 
CH 3 



Sx,2 



(5)-(+)-2-Chlorobutaiie 

(+)-2-lodobutane has the (S) configuration 



CH, 
(/c)-(-)-2-Iodobutane 



6.4 (a) (b) 



(CH 3 ) 3 C 



CY 




CKi ~S^T*~ (CH 3 ) 3 C 



CH, 



6.5 



(CH,) 3 C 



(CH 3 ) 3 C 




OH 




By path (a) 



CH, 




OCH, 



(CH 3 ) 3 C 



and (CH 3 ) 3 C 



By path (hi 




OCHj 
CH, 
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6.6 



(a) Being primary halides. the reactions are most likely to be S N 2. with the nucleophile 
in each instance being a molecule of the solvent (i.e.. a molecule of ethanol). 

(b) Steric hindrance is provided by the substituent or substituents on the carbon B to 
the carbon bearing the leaving group. With each addition of a methyl group at the B car- 
bon (below), the number of pathways open to the attacking nucleophile becomes fewer. 




6.7 



6.8 



6.9 



6.10 



Protic solvents are those that have an H bonded to an oxygen or nitrogen (or to another 

O 

II 
strongly electronegative atom). Therefore, the protic solvents are formic acid. HCOH; 

O 

formamide. HCNHv. ammonia. NH> and ethylene glycol. HOCH : CH 2 OH 

Aprotic solvents lack an H bonded to a stronglv electronegative element. Aprotic sol- 

O 

vents in this list are acetone. CH,CCH.,: acelonitrile. CH,C=N: sulfur dioxide. SOv. 
and trimelhylamine. N(CH-,h. 

The reaction is an S N 2 reaction. In the polar aprotic solvent ( DMF). the nucleophile (CN * I 
will be relatively unencumbered by solvent molecules, and. therefore, it will be more re- 
active than in ethanol. As a result, the reaction will occur faster in /V.A'-dimethylfor- 
mamide. 

(a) CH-CT 

(b) H,S 

(c) (CH,) 3 P 

(a) Increasing the percentage of water in the mixture increases the polarity of the sol- 
vent. (Water is more polar than methanol.) Increasing the polarity of the solvent increases 
the rate of the solvolysis because separated chaiges develop in the transition state. The 
more polar the solvent, the more the transition stale is stabilized (Section 6. I4D). 

(b) In an S N 2 reaction of this type, the charge becomes dispersed in the transition state: 



r + CH 3 CH, — ci - 

Reactants 
Clmrge is concentrated 



5- f 
I— — CH 



5- 
-Cl 



f Transition state 1 
^ Charge is dispersed^ 



ICH,CH 3 + cr 
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Increasing the polarity of the solvent increases the stabilization of the reaclant I" more than 
the stabilization of the transition state, and thereby increases the free energy of activation, 
thus decreasing the rate of reaction. 

6.11 CH 3 OS0 2 CF 3 > CH,I > CH,Br > CH,Cl > CH 3 F > l4 CH,OH 

(Most reactive) (Least reactive! 



6.12 (a) CHjCHjO" + 



CH, " CH, 

. r, / 3 



■) C ^Br j "™ > CH 3 CH 2 0-v,, 
Na + CH 3 CHf$ (5) Sn2 (ft) |'CH 2 CH 



+ Na*Br" 

3 



o 
II 



CH, 



O 



CH, 



,\ V* inversion 1 1 / 

C— Br — — - — *■ CH,CO— C 
A S N 2 S% 

Na + OBW3B/J on m & CH,CH. 



(b) CH 3 CO' + 



(c) HS" + 




jig* CH,CH,<^ 



.Vg^ i^ rs ' on > 



/ 



Sm2 



HS-C 



+ Na + Br" 
(R) H L±1 2 L - H 3 

CH, 

+ Na + Br" 



(d) CH 3 S 




\ v„ inversion 
' C— Br — — >■ 



m ^O^CHj 



J* 



<?~i S N 2 

Na + CH 3 CHfjf {S) 



+ Na + Br" 
{R) **CH 2 CH 3 



6.13 (a) CH,CH,CH,Br + NaOH *■ CH,CH,CH,OH + NaBr 



CH 3 CH 2 CH,I + NaBr 
-^> CH 3 CH 2 CH,OCH,CH 3 + NaBr 



(b) CH 3 CH,CH 2 Br + Nal > 

(c) CH,CH,CH 2 Br + CH 3 CH 2 ONa 

(d) CH 3 CH 2 CH 2 Br + CH 3 SNa 



(e) CH 5 CH,CH 2 Br + CH 3 C -ONa v .,.,. ,,,,., l -,,,..u.,, j 

(0 CH 3 CH,CH,Br + NaN 3 *■ CH 3 CH 2 CH 2 N 3 + NaBr 

CH 3 

(g) CH 3 CH,CH,Br + :N(CH 3 1 3 ** CHjCH^CH^NiCHj Br" 

CH 3 



CH 3 CH 2 CH 2 SCH 3 + NaBr 

> CH 3 CH,CH,Oc'cH 3 + NaBr 



(h) CH 3 CH 2 CH,Br + NaCN 
(i) CH 3 CH,CH 2 Br + NaSH 



-> CH,CH,CH 2 CN + NaBr 
-*- CH 3 CH 2 CH : SH + NaBr 



6.14 (a) l -Bromopropane would react more rapidly because, being a primary halide. it is less hin- 
dered. 
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( b) I -lodobutane, because iodide ion is a better leaving group than chloride ion. 

(c) l-Chlorobutane. because the carbon bearing the leaving group is less hindered than 
in l-chloro-2-melhylpropane. 

(d) l-Chloro-3-melhylbutane. because the carbon bearing the leaving group is less hin- 
dered than in i-chloro-2-methylbutane. 

(e) l-Chlorohexane because it is a primary halide. Phenyl halides are unreactive in S N 2 
reactions , 

6.15 (a) Reaction (I) because ethoxide ion is a stronger nucleophile than ethanol. 

(b) Reaction (2) because the ethyl sulfide ion is a stronger nucleophile than the ethoxide 
ion in a protic solvent. (Because sulfur is larger than oxygen, the ethyl sulfide ion is 
less solvated and it is more polarizable.) 

(c) Reaction (2) because triphenylphosphine [(C f ,H,),P| is a stronger nucleophile than 
triphenylamine. (Phosphorus atoms are larger than nitrogen atoms.) 

(d) Reaction (2) because in an S N 2 reaction the rate depends on the concentration of the 
substrate and the nucleophile. In reaction (2) the concentration of the nucleophile is 
twice that of the reaction ( I ). 

6.16 (a) Reaction (2) because bromide ion is a better leaving group than chloride ion. 

(b> Reaction ( l i because water is a more polar solvent than methanol, and S N I reactions 
take place faster in more polar solvents. 

(c) Reaction (2) because the concentration of the substrate is twice that of reaction (I). 
(The major reaction would be E2. However, the problem asks us to consider that 
small portion of the overall reaction that proceeds by an Sfjl pathway.) 

(d) Both reactions would take place at the same rate because, being S N 1 reactions, they 
are independent of the concentration of the nucleophile. 

(The major reaction would be E2. However, the problem asks us to consider that 
small portion of the overall reaction that proceeds by an S N 1 pathway.) 

(e) Reaction ( I ) because the substrate is a tertiary halide. Phenyl halides are unreactive 
in S N I reactions. 

6.17 Possible methods are given here. 
r 



(a) CH,C1 



CH,OH 

Sm2 



> CH,I 



ik) CH 3 CH 2 C1 



r 



(d) CHjCHjCl 



OH" 



CH,OH/H,0 



CH 3 CH,OH 



CH,OH 

S N 2 

OH' 



> CH-CH-J 



S N 2 



(e) CH,C1 



SH _ 



CH,OH/H,0 
'%2 



> CH,OH 



CH,OH 
S N 2 



> CH,SH 



IONIC REACTIONS 77 



(f) CH 3 CH,C1 



SH" 



CH,OH 
S N 2 



CH 3 CH,SH 



(g) CH 3 C1 



"oW* CH 3 CN 



(h) CH 3 CH,C1 



CN 



BMp> CH 3 CH 2 CN 



(i) CH 3 OH 



NaH „ CH,I 

W* CH 3° Na ^OH^ 



CH 3 OCH 3 



(j) CH 3 CH,OH -^v> CH 3 CH 2 ONa -^-> CH 3 CH,OCH 3 



CI 



(k) 



(-H,) 

CH,CH,ONa 
CHjCftOH 



Q 



6.18 (a) The reaction will not take place because the leaving group would have to be a methyl 
anion, a very powerful base, and a very poor leaving group. 

(b) The reaction will not take place because the leaving group would have to be a hy- 
dride ion, a very powerful base, and a very poor leaving group. 

(c) The reaction will not take place because the leaving group would have to be a carb- 
anion, a very powerful base, and a very poor leaving group. 



HO' - | | --7) 
H 2 C— CH 3 



"CH,CB,CH,CH,OH 



CH 3 Crl,CH,CB,OH 



(d) 



The reaction will not take place by an S N 2 mechanism because the substrate is a ter- 
tiary halide, and is, therefore, not susceptible to S N 2 attack because of the steric hin- 
drance. (A very small amount of S N I reaction may take place, but the main reaction 
will be E2 to produce an alkene.) 

(e) The reaction will not take place because the leaving group would have to be a CH,0" 
ion. a strong base, and a very poor leaving group. 



CH 3 -^bCH 3 



-x— > 



CH 3 NH 3 + 



CH 3 0" 



CH 3 NH 2 + CH 3 OH 

(f) The reaction will not take place because the first reaction that would take place would 
be an acid-base reaction that would convert the ammonia to an ammonium ion. An 
ammonium ion, because it lacks an electron pair, is not nucleophilic. 



NH 3 + CH 3 OH, 



±: NH 4 + + CH 3 OH 
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6.19 The better yield will be obtained by using the secondary halide, 1-bromo-l-phenylethane, 
because the desired reaction is E2. Using the primary halide will result in substantial S N 2 
reaction as well, producing the alcohol instead of the desired alkene. 

6.20 Reaction (2) would give the better yield because the desired reaction is an S N 2 reaction, 
and the substrate is a methyl halide. Use of reaction ( I ) would, because the substrate is a 
secondary halide. result in considerable elimination by an E2 pathway. 

6.21 (a) The major product would be CH,CH 2 CH,CH,CH_,OCH,CH, (by an S N 2 mecha- 

nism) because the substrate is primary and the nucleophile-base is not hindered. 
Some CH,CH 2 CH 2 CH=CH 2 would be produced by an E2 mechanism. 

(b) The major product would be CH 3 CH 2 CH 2 CH=CH 2 (by an E2 mechanism). e\en 
though the substrate is primary because the base is a hindered strong base Some 
CH 3 CH 1 CH : ,CH 2 CH,OC(CH,) 3 would be produced by an S N 2 mechanism. 

(c) For all practical purposes. (CH,) 2 C=CH, (by an E2 mechanism) would be the only 
product because the substrate is tertiary and the base is strong. 

(d) Same answer as (c) above. 



(e) 



(II 



(formed by an S N 2 mechanism) would, for all 
, V I practical purposes, be the only product. Iodide ion 
(CH 3 ) 3 C -^/^^~~~~-~~^J is a very weak base and a good nucleophile. 

Because the substrate is tertiary and the only nucleophile is the solvent, mecha- 
nism is S N I. The two products that follow would be formed. 



(CH 3 ) 3 C 




OCH, 



CH, 



and (CH 3 ) 3 C 




( a) CH,CH=CHCH,CH, (by an E2 mechanism) would be the major product because the 

substrate is secondary and the base/nucleophile is a strong base. Some of the ether. 

CH,CH,CH(OCH,)CH,CH 3 . would be formed by an S N 2 pathway, 
(h) The major product would be CH.CH : CH(0 2 CCH,)CH,CH, (by an S N 2 mechanism) 

because the acetate ion is a weak base. Some CH 3 CH=CHCH 2 CH 2 CH, might be 

formed by an E2 pathway. 
(i) CH ; CH=CHCH-, and CH,=CHCH,CH, (by E2) would be major products, and 

(S)-CH,CH(OH)CH,CH, (by S N -2) would be the minor product. 

(j) (±)-CH,CH 2 C(CH 3 )CH,CH 2 CH 3 (by S N 1) would be the major product. 
OCH, 



CH 
I 



CH 3 



CH 3 CH,C=CHCH,CH 3 , CH 3 CH=CCH 2 CH,CH 3 , and 

CH, 
II 
CH 3 CH,CCH 2 CH 2 CH 3 (by El) would be minor products. 

(k) (R)-CH,CHIC f ,H 13 (by S N 2) would be the only product. 



6.22 (a), (b). and (c) are all S N 2 reactions and. therefore, proceed with inversion of configura- 
tion. The products are 



6.23 



6.24 




(d) is an S N 1 reaction. The carbocation that forms can react with either nucleophile 
(H,0 or CH 3 OH) from either the top or bottom side of the molecule. Four substitution 
products (beiow) would be obtained. (Considerable elimination by an Ei path would also 
occur.) 



OH 




CH, 



OCH 3 



and 




and 




OCH, 



Isobutyl bromide is more stericaliy hindered than ethyl bromide because of the methyl 
groups on the (3 carbon atom. 



H,C 



\ 



P 



H""y C-CHi_Br 
H 3 C 

Isobutyl bromide 



H 
^.^C-CH-Br 

H 
Ethyl bromide 



This steric hindrance causes isobutyl bromide to react more slowly in S N 2 reactions and 
to give relatively mote elimination (by an E2 path) when a strong base is used. 

(a) S N -2 because the substrate is a 1° halide. 

(b) Rate = <.lCH,CH 2 CI]tI-] , i 

= 5 X lO-'L mold's" 1 X 0.1 molL" 1 x 0.1 moIL"' 
Rate = 5 X I0" 7 mol L _l s _l 

(c) 1 x lO-'Mnol L"'s- ' 

(d) I X I0- 6 mol L-'s-' 

(e) 2 x lO-SnolL-V 



.!_ 
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6.25 (a) CH,NH~ because it is the stronger base. 

(b) CH,0~ because it is the stronger base. 

(c) CH 3 SH because sulfur atoms are larger and more polarizable than oxygen atoms. 

(d) (C ( ,H 5 ) 3 P because phosphorus atoms are larger and more polarizable than nitrogen 
atoms. 

(e) H,0 because it is the stronger base. , 

(f) NH, because it is the stronger base. 

(g) HS ~ because it is the stronger base, 
(h) OH" because it is the stronger base. 



0.5" 
H,C— CH, 

A ' 



CU— CH, + Br' 



c 



Br 



6.26 (a) HQCH-.CHjBr + OH 

H,C CH, 

FM "I I " f* 

W H,C. . CH,— Br 

- ^fJS - 

H H 



6.27 Iodide ion is a good nudeophile and a good leaving group-, it can rapidly convert an a I k y 1 
chloride or alkyl bromide into an alkyl iodide, and the alkyl iodide can then react rapidly 
with another nudeophile. With methyl bromide in water, for example, the following re- 
action can take place: 




H,0 alone 



CH 3 Br 



(slower) 
H;0 containing I 



CH 3 OH, + + Br" 



H,0 



(faster) 



(faster 



*► CHjOH-, + I 



6.28 /erf-Butyl alcohol and reef-butyl methyl ether are formed via an S s 1 mechanism. The rate 
of the reaction is independent of the concentration of methoxide ion (from sodium methox- 
ide). This, however, is only one reaction that causes /t'rt-butyl bromide 10 disappear. A 
competing reaction that also causes wr-butyl bromide to disappear is an E2 reaction in 
which methoxide ion reacts with tot-butyl bromide. This reaction is dependent on the con- 
centration of methoxide ion; therefore, increasing the methoxide ion concentration causes 
an increase in the rate of disappearance of fe/7-butyl bromide. 

6.29 (a) You should use a strong-base, such as R0~. at a higher temperature to bring about 

an E2 reaction. 

(b) Here we want an S N I reaction. We use ethanol as the solvent and as the mickophile, 
and we carry out the reaction at a low temperature so that elimination will be mini- 
mized. 



6.30 
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l-Bromobicyclo[2.2.l]heptane is tinreactive in an S N 2 reaction because it is a tertiary 
halide and its ring structure makes the backside of the carbon bearing the leaving group 
completely inaccessible to attack by a nudeophile. 




i -Bromobicyclo[2.2. 1 jheptane is unreactive in an S N l reaction because the ring structure 
makes it impossible for the carbocation that must be formed to assume the required 
trigonal planar geometry around the positively charged carbon. Any carbocation 
formed from l-bromobicyclo[2.2. 1 |heptane would have a trigonal pyramidal arrange- 
ment of the -CH : - groups attached to the positively charged carbon (make a model). 
Such a structure does not allow stabilization of the carbocation by overlap of sp } orbitals 
from the alkyl groups (see Fig. 6.9). 

6.31 The cyanide ion has two nucleophilic atoms; it is what is called an ambident nudeophile. 

":C=N: 

It can react with a substrate using either atom, although the carbon atom is more nuclei 
ophilic. 



B?—CH 2 CH } + :« -N; 



":C=N: + CH3CH,— Br 

NaH 



CH,CH,— C=N: 
CH3CH,— N = C: 



6.32 (a) CH 3 Cri,CHCH 3 .-——-—*. CH 3 CH,CHCH 3 
OH 0."Na + 

CH,CH,CHCH 3 

I " (-NaBr) << <;•> 

OCH,CH,CH,CH 3 < CH 3 CH,CH,CH,-Br 



(b) (CH 3 ) 3 CSH 



NaH 



Et,0(-H,) 



>• (CH,),CS"Na 



+ CH 3 CH,— Br 



(-NaBr) 

(CH 3 ),C— S— CH 2 CH 3 
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(c) CH,— C— CH,OH 
OK, 



NaH 



CH, 

NaH I _ + CH,I 

* CH,— C — CH.,0 Na H f— 

Et,0(-H,) 3 | - (-Nal) 

CH. CH, 

3 I " 

CH— C— CH,— OCH, 

CH, 



(d) C,H-OH 

6 ? Et,0(-H, 



, CH,I 

-> C,H-CTNa + — 

6 i (-Nal) 



*■ C 6 H-OCH, 



) C 6 H,CH,-Br + Na + ~sC=N! 




Et0H > C,H,CH,-C=N: 
(-NaBr) 6 3 2 



(f) CH 3 C-0-Na + + C 6 H 5 CH,-Br ^ m 
H 3 C 



05, omm%, c 6 h 5 ch 2 o?ch 3 



CH, 



.... ,.. ,., acetone,. ..,, „/ 
w HO" Na T * Hll ,-f-Br ^ m *> HO-C,„ H 



y 

CH 3 CHXH, 

(/?)-2-Bromopenlane 



CH,CH,CH 3 

(S)-2-Pentanol 



CH.CHCH,""/ V"CH 2 CHCH 3 

CH " H H CH, 



(S)-2-Chloro-4-methylpentane 
EtONa* 



(i) (CH 3 ),CCHCH 3 



EtOH 
(-NaBr) 



(fl)-2-Iodo-4-methylpentane 
p> (CH 3 ) 3 CCH=CH 2 + EtOH 



(j) (CH,),CH 




Na*OH" 



H 2 0/CH,OH^ (CH 3 ),CH 
(-NaBr) 



CH 3 CH 2 



(k) Na + V :C=N: 



*N„ €%, ElOH , 



CH,CH, 



/ 



(I) 



CH, CH 3 

(S)-2-Bromobutane 

c? 



(-NaCI) H 3 L 



OH 



6.33 (a) , l 



H H 



(b) CH 3 CH 2 CHCH 2 CH,CH 2 —I 
CI 



CH,CH,\ 
(c) s' " > 
CHX'H/ 



(Formation of this product depends on the 
fact that bromide ion is a much better 
leaving group than fluoride ion.) 

(Formation of this product depends on the 
greater reactivity of 1° substrates in Sf^ 
reactions.) 



(Here two S^2 reactions produce a cyclic 
molecule.) 



(d) C1-CH 2 CH,CH 2 CH 2 0H + NaH -A* Cl-CHjCHjCHjCH.O" 



o 



(e) CH,C^=CH + NaNH, 



liq. NH, 



■*■ CH,C=C:"Na + 



(-Nal) 



CH,C=CCH, 

6.34 The rate-determining step in the S^l reactioii of wr-butyl bromide is the following: 

slo\v w 
(CH 3 ),C-Br Zgt (ch^c- + Br" 

I H,0 



(CH 3 ) 3 COH 2 + 

(CH,),C + is so unstable that it reacts almost immediately with one of the surrounding wa- 
ter molecules, and. for all practical purposes, no reverse reaction with Br~ takes place. 
Adding a common ion (Br~ from NaBr). therefore, has no effect on the rate. 

Because the (C fl H,),CH + cation is more stable, a reversible first step occurs and 
adding a common ion (Br - ) slows the overall reaction by increasing the rate at which 
(C,,H 5 ),CH + is converted back to (C ( ,Hj) 2 CHBr. 



(C 6 Hj) 2 CHBr 



(CgHj^CH* + Br" 

H,0 



(C 6 H 5 ),CH0H 2 + 



6.35 Two different mechanisms are -involved. (CH,),CBr reacts by an S N I mechanism, and ap- 
parently this reaction takes place faster. The other three alkyl halids react by an S^2 
mechanism, and their reactions are slower because the nucleopliile (H,0) is weak. The 
reaction rates of CH,Br. CH,CH,Br. and (CH,),CHBr are affected by the steiic hin- 
drance, and thus their order of reactivity is CH ,Br > CH ,CH,Br > (CH,) 2 CHBr. 



L 
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6.36 The nitrite ion is an ambident nucleophile; that is. it is an ion with two micleopliilic sites. 
The equivalent oxygen atoms and the nitrogen atom are nucleophilic. 

/ " Nucleophilic site 



:0=N-0: 



• Nucleophilic site 



6.37 (a) The transition state has the form:. , 

8 + 6- 

Nu— -R L 

in which charges are developing. The more polar the solvent, the better it can sohate the 
transition state, thus lowering the free energy of activation and increasing the reaction 
rate. 

(b) The transition state has the form: 



5 + 
R- 



5 + 



6.38 



in which the charge is becoming dispersed. A polar solvent is less able to solvate this tran- 
sition state than it is to solvate the reactant. The free energy of activation, therefore. v\ ill 
become somewhat larger as the solvent polarity increases, and the rate will be slower. 

CH, 
;.'■> ( : -Olf-C-CHj-CH— I 



ij-C-CH,- 
CH, 



(b) 



CH 3 

HO-C-CH-r-CHj-CI + some alkene 
CH 3 



6.39 



ta) In an S K 1 reaction the carbocation intermediate reacts rapidly with any nucleophile 
it encounters in a Lewis acid-Lewis base reaction. In the case of the S N 2 reaction, the 
leaving group departs only when "pushed out" by the attacking nticleophile, and some 
nucleophiles are better than others. 

(b) CN~ is a much better nucleophile than ethanol and hence the riitrile is formed in the 
S N 2 reaction of CH-,CH 2 CH 2 CH,C1. In the case of (CH,) _,CCI the leri-butyi cation reacts 
chiefly with the nucleophile present in higher concentration, here the ethanol solvent. 



*6.40 



(CH,) 3 C— CI - 
(CP^C- 

d + A 



+• (CJ^),C- + 0- 

(CH,),C- +/- 
> c\- 



AH°. kJ moP 

+328 
+ 715 
-330 



(CH,),C— CI 



-*• (CH0,C + + CI" +713 



Honiolytic bond dissoc. energv 
Ionization potential 
Electron affinity 
Heterolytic bond dissoc. energy 



*6.41 
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(a) The entropy term is slightly favorable. (The enthalpy term is highly unfavorable.) 

(b) AG = A/7° - T&$? 

= 26.6 kJ moP 1 - (298X0.0048 1 kJ mo!" 1 ) 
= 25.2 kJmor 1 



(c) \osK, = 



-AG° 
2.303ST 



25.2 kJ moP 



(2.303)(0.0083 14 kJ moP' K"')(298 K) 
= -4.4165 
!<,,, = |()- t4,f " = 3.85 x 10~ 5 

(d) The equilibrium is very much more favorable in aqueous solution because solvation 
of the products (ethanol, hydronium ions, and chloride ions) takes place and thereby sta- 
bilizes them. 

*6.42 The mechanism for the reaction involves the participation of the carboxylate group. In 
step I (see following reaction) an oxygen of the carboxylate group attacks the stereo- 
center from the backside and displaces bromide ion. (Silver ion aids in this process in 
much the same way that protonation assists the ionization of an alcohol.) The configu- 
ration of the stereocenter inverts in step I, and a cyclic ester called an a-lactone forms. 



Step 1 



" : K^° 



H*7 N Br 



O 






CH, 



"Aif 



i\ Br 
H CH, 



: <c 



+ AgBr 



Ag + 



CH 3 

An a-lactone 



The highly strained three-membered ring of the a-Iactone opens when it is attacked by 
a water molecule in step 2. This .step also takes place with an inversion of configura- 



tion. 



Step 2 






:oa 



^^:OH 2 
CH 3 



8 





II 








c 


5+ 






i \ 


~0H, 



H CH, 



-:0— C 

- I 

HV OH + H + 
CH, 



The net result of two inversions (in steps 1 and 2) is an overall retention oj configura- 
tion. 



L 
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*(i.43 (a) and (b) 



Aa,0 



H,0 

retention 



C0 2 H 
C1»J,Jh 

T 



KOH 
inversion 



COjH 

HO»J.^H 

T 

CO,H 

(SM-)-Malic 
acid 



KOH 
inversion 



PCI j 

inversion 



CO,H 

(S)-(-)-Chlorosuccinic 

acid 



C0 2 H 

1 

&, 

*" CO,H 

(R)-(+)-Chlorosuccinic 
acid 



PCI , 
inversion 



C0 2 H 
H^(i-«OH 

CH, 

C0 2 H 

(fi)-(+)-Ma!ic 
acid 



Ae,0 



H 2 

retention 



(c) The reaction takes place with retention of configuration. 



(d) 



SOC1-, 

HO,CCH,CHOHCO,H 

(.SH-)-Malicacid 



H0 2 CCH,CHC1C0 2 H 

(5)-(-)-Chlorosuccinic 
acid 



HO,CCH,CHOHCO,H 
(/?)-( + )-Malic acid 



KOH 



HO,CCH,CHCiC0 2 H 

(R)-( + )-Chlorosuccinic 
acid 



*6.44 



CH, 



CH, 



H,C— C — H 
CH,CT 



CH, 



I 

CH, 

H,C=-C — H 

3 I 

CH,N, 

B 



No change of configuration 
occurs, just a change in the 
relative priority of a 
group at the stereocenter. 



*^Jk- 
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*6.45 Comparison of the molecular formulas of starting material and product indicates a loss 
of HCI. The absence of IR bands in the 1 620—1680 cm -1 region rules out the presence 
of the alkene function. 

A nucleophilic substitution agrees with the evidence: 



HO: 




+ :CI:- 

*6.46 The IR evidence indicates that C possesses both an alkene function and a hydroxyl group. 
An E2 reaction on this substrate produces enantiomeric unsaturated alcohols. 

OH 



Br 




/-BuO: 





(a) 



OH 



C (racemic) 



OH 




(h) 



OH 




H** \)H 

m 




tt \>h 

m 



. 
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QUIZ 



6.1 



Which set of conditions would you use to obtain the best yield in the reaction shown? 
CH, 



CH,-C-Br 
3 I 
CH, 



CH, 



-> CH-pC 



CH, 



(a) H,0. heat (b) CH,CH,ONa/CH,CH,OH. heat 

(d) H,S0 4 pel None of the above 

6.2 Which of the following reactions would give the best yield? 

(a) CH 3 ONa + (CH 3 ),CHBr *• CH 3 OCH(CH 3 ), 

(b) (CH 3 ) 2 CHONa + CH 3 Br *• CH 3 OCH(CH 3 ) 2 

(c) CH 3 OH + (CH 3 ) 2 CHBr -^*- CH 3 OCH(CH 3 ) 2 

6.3 A kinetic stud) yielded the following reaction rate data: 

Initial 

Concentrations 



(c) Heat alone 



Experiment 
Number 



IOH- 



IR-Brl 



Initial Rate of Disappearance of 
R— Br and Formation of R — OH 



0.50 
0.50 
0:25 



0.50 
0.25 
0.25 



1.00 
0.50 
0.25 



Which of the following statements best describe this reaction? 

(a) The reaction is second order. (b) The reaction is first order. 

(cl The reaction is S^ I, . id) Increasing the concentration of OH" has no 

(el More than one of the above. 



effect on the rate. 



6.4 There are four compounds with the formula C 4 H 1 ,Br. List them in order of decreasing re- 
activity in an S v 2 reaction. 



1 
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6.5 Supply the missing reactaiits, reagents, intermediates, or products. 



O 

CH 3 CONa^ 

* 

CH,CO,H 



CH 3 CH 2 



A (C 4 H„Br) 



O 
ri ,,iiL — O — CCHi 
H 3 C 



CH 3 CH,CH,CH 2 Br (CH . hC0H * CH 3 CH 2 CH 2 CH 2 OC(CH 3 ) 3 + 



CH, 



Hte^J,^CH,Cl CH 3 0"Na + 
CH ^^ 



H 3 



CH, 



B (Minor 
product) 



. i 



=CH, 



CH, 



CH, 



Br Na'CN: 



25 °C 



D Major product Minor product 

6.6 Which Sjsj2 reaction will occur most rapidly, (Assume the concentrations and 
temperatures are all the same.) 
(a) CH 3 0" + CH 3 CH 2 -F * CH 3 CH,OCH 3 + F 



(b) CH 3 0" + CH 3 CH 2 — I 

(c) CH 3 0" + CH 3 CH,-Cl 



CH,CH,OCH 3 



r 



-*■ CH 3 CH 2 OCH 3 + CT 



(d) CH 3 0~ + CH 3 CH,-Br > CH 3 CH,OCH 3 + Br' 

6.7 Provide three-dimensional structures for the missing boxed structures and formulas for 
missins reagents. 



NaC = CH 



(S)-A (C 5 H n Br) 



(S)-B (C,H 12 ) 



(S)-C (C 7 H I6 ) 




ALKENES AND ALKYNES I: 
PROPERTIES AND SYNTHESIS 



SOLUTIONS TO PROBLEMS 

7.1 (a) ■ i (£')-I-Bromo-l-chloro-l-penlene 

(b) (£)-2-Bromo- 1 -chloro- 1-iodo- 1 -butene 

(c) (Z)-3.5-Dimethyl-2-hexene 

(d) (Z)-l -Chloro- l-iodo-2-methyl- 1 -butene 

(e) (Z.45)-3.4-Dimethyl~2-hexene 

(f! (Z.3S)-l-Bromo-2-chloro-3-methvl-l-hexene 



7.2 (a), (b) 



CH, 
I 



CH,=CCH,CH 3 

2-Methyl-l-butene 

(disubstituted) 

CH, 
I 3 
CH,CHCH = CH, 

3-Methyl-l-butene 
(monosubstituted) 

CH, 



H, 



f 



CH,C = CHCH, 
2-Methyl-2-butene 
(trisubstituted) 



Pt 



H, 
Pt 



H, 
Pt 



CH, 
I 3 
CH,CHCH,CH, AH" = -119 kJ mol" 



CH, 
CH,CHCH,CH, 



CH, 
I " 
CH,CHCH,CH 3 



&H° 



-127 k J mol 



-l 



AH° = -113k J mol -1 



(c) Yes, because hydrogenation converts each alkene into the same product. 



CH 



I 



CH, 



1 



CH 3 
(d) CH 3 C=CHCH 3 > CH-pCCHXH, > CH.CHCH=CH, 
(trisubstituted) • (disubstituted) (monosubstituted) 

Notice that this predicted order of stability is confirmed by the heats of hydrogenation. 
2-MethyI-2-butene evolves the least heat; therefore, it is the most stable. 3-Methyl-l- 
butene evolves the most heat; therefore, it is the least stable. 
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H 3 C ,CH,CH 3 


H,C H 


c=c 


c=c' 


H H 


H "CH,CH 3 


a'j-2-Pentene 


rrn/i.r-2-Pentene 



(e) CHf=CHCH,CH,CH 3 
1-Pentene 



(f) Heats of combustion, because complete combustion would convert all of the alkenes 
to the same products. (All of the alkenes have the formula C 5 H I0 .) 
CjH 10 + 71/2 0, — *- 5 CO, + 5H,0' 

7.3 (a) 2.3-Dimethyl-2-butene would be the more stable because the double bond is telra- 
substituted. 2-Methyl-2-pentene has a trisubstituted double bond. 

(b) n-mi.T-3-Hexene would be the more stable because alkenes with trans double, bonds are 
more stable than those with cis double bonds. 

(c) cv'.v-3-He.\ene would be more stable because its double bond is disubstituted. The double 
bond of l-hexene is monosubstituted. 

(d) 2-Methyl-2-pentene would be the more stable because its double bond is trisubstituted. 
The double bond of /ro/u-2-hexene is disubstituted. 



7.4 



The relative stabilities of the pairs of alkenes in parts (b) and (c) in Problem 7.3 could be 
determined by measuring heats of hydrogenation, because in each instance the two alkenes 
would yield the same product. Heats of combustion could be used to determine the relative 
stabilities of the alkene pairs in parts (a) and (d) [and also those in parts (b) and (c)] because 
on complete combustion the alkenes produce the same number of molar equivalents of CO-, 
and H,0. 



7.5 (a) 




Br 



(b) 



KOEt 

ElOH 
heat 



KOEt 
EtOH 
heat 



(trisubstituted, (monosubstituted, 

more stable) less stable) 

Major product Minor product 





(tetrasnh ? t: !ute[ j, (disubstituted, 

B»v 'le) less stable) 

Major product Minor product 

7.6 An anti periplanar transition state allows the molecule to assume the more stabie stagaered 
conformation, 




s 

J 



J 
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whereas a syn periplanar transition state requires the molecule to assume the less stable 
eclipsed conformation: 



Hi. 




BrH 



7.7 <«- 1 -Bromo-4-rm-butylcyclohexane can assume an ami periplanar transition state in 
which the bulky tov-butyl group is equatorial: 



d 



Br 



(CH,) 3 C 




£*) 



H 



(CH,),C 




B: 



The conformation (above), because it is relatively stable, is assumed by most of the mol- 
ecules present, and. therefore, the reaction is rapid. 

On the other hand, for fiww- i-bromo-4-wv-burylcyclohexane to assume an ami 
periplanar transition state, the molecule must assume a conformation in which the large 
/en-butyl group is axial: 



H 



(CH,),C 




Br 



H 



£. Br 
(CH 3 ) 3 C f 



B:\ 



7.8 



Such a conformation is of high energy; therefore, very few molecules assume this confor- 
mation. The reaction, consequently, is very slow. 

(a) Anti periplanar elimination can occur in two ways with the cis isomer. 

Br (a) 




* ( VcH 3 



(b) \ / 



(major product) 



c/5-l-Bromo-2-methylcyclohexane 
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(b) Anti periplanar elimination can occur in only one way with the trans isomer. 
Br 



H 



H 



b=: 



0^3 



CH, 



rran.y-l-Bromo-2-methylcydohexane 



7.9 (a) (1) CH 3 -CH-OH + H^6-S-6-H T~» 



CH, 



.0. 



H 



'to' 



CH-CH-O-H + - :0 -s-6-H 



CH, 



.0. 



I 



(2) CH-CH^-H SpS* CH 3 -CH + + H,0 



CH, 



CH, 



(3) CHj-CH-ChAh + -:OS0 3 H 



CH 3 -CH=CH ; + HOS0 3 H 

(b) By donating a proton to the - OH group of the alcohol in step (1). the acid allows the 
loss of a relatively stable, weakly basic, leaving group (H,0) in step m | n the ab- 
sence of an and. the leaving group would have to be the strongly basic OH" ion and 
such steps almost never occur. 



CH 



'3 



CH, 



7.10 



(1) CH 3 CCH,OH + HA ^=> CH,CCH,6h, :A" 



CH, 
CH, 



CH, 



CH, 

I 



(2) CH 3 CCH 2 OH 2 ^=±^ CH 3 CCH : + H,0 



CH, 



CH, 



(3) CH 3 CCH, 

u - 

CH 3 

1° Carbocation 



CH 3 
1° Carbocation 

CH, 

CH,C— CH, 

CH 3 
Transition state 



CH, 



-*► CH 3 C-CH,— CH, 



3° Carbocation 



■•}■ 






M 
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■1 



CH, 
I 
(4) CH,— C-r-CH— CH, 

H :A 



CH, V r' U 

/ C=C \ 
CH, CH, 

2-Methyl-2-butene 



+ HA 



(-H,01 



7.11 CH,CH,CHCH,-OH + H-H^H < " CH 3 
3 - I " - l/l (+H 2 0) 



Low + -z >' 



CH 3 
2-Methyl-l-butanol 

H 

CH,CH-C-CH, + 

CH 3 
1° Cation 



CH,CH,CHCH 2 -OHj <: 

3 



I " " (+H,0) 

CH, 



H 



hydride 
shift 






*■ CHi-CH^C-CH 
3 I 

CH, 

3° Cation 



:QH,, 



CH 3 CH =C-CH 3 + H 3 + 

CH 3 
2-Methyl-2-butene 



(-H : OL 



a. 



t-H,0) w 
>: CHXHCHXH^-OH, 1 -^ *- 

' :H = 0) CH, " " 



CH,CHCH 2 CH 2 -OH * H^H ^= U^jW****^ * 

CH, H 

3-Methvl-l-butanol 



H. 



CH,CH -CH 

3 I 
CH, 



H-CH 



hvdrid 



. shift ^ CH 3 -C*CH-CH 3 ♦ 



- JtrH 



SOB, 






CH, 



CH 3 C=CH-CH 3 + H 3 + 

CH, 
2-Methyl-2-butene 



7.12 HO 




CH,^/CHj 

h I™, at, 



Isoborneol 







(-H,0) 



H^ ; OH 2 

CH - ' CH - Jfo, /Tv CH2 

-» JCH,^CH, + H,0 4 




'-"> - (Uk 






Camphene 
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PCI; . 



7.13 (a) CH 3 CCH 3 ~=p» CH 3 CCI,CH 3 



(1)3 NaNH, , _ 

mineral oil, heat 1 " CH 3 C =CH 
(2) tiUi* 



(1) 3 NaNH 
(b) CH,CH 2 CHBr 2 m i nera i ii, heat 
(2)NH, + 
[same as (b)]^_ 



> CH 3 C=CH 



(c) CH 3 CHBrCH 2 Br 

... Br, [same as (b)l 

(d) CH,CH=CH, = ', > CH,CHCH,Br V 

Br 



7.14 (aj CH 3 CH=CH 2 + NaNH 2 - 

(b) CH 3 C=C-H + Na + " : NH, 
Stronger Stronger 

acid base 



Hfc" No reaction 

— >• CH 3 c=c r : 

Weaker 
base 



(c) CH 3 CH 2 CH. + NaNH, > No reaction 



(d) CH 3 CsC.r + H-rOCH,CH 3 
Stronger U Stronger 

base acid 



-** CH 3 C=CH 
Weaker 
acid 



CH,C=CH 



+ :NH 3 
Weaker 
acid 



:OCH,CH 3 

Weaker 

base 



(e) CH 3 C=C:" + H-NH 3 - 

Stronger „ 7* 

, Stronger acid 
base 



7.15 CH 3 -C-C=C-H + Na + :NH 2 



Weaker 
acid 



CH, 



(-NH,) 



> CH 



,-C-Cs 



;NH 3 

Weaker 
base 



C \ Na + 



CH, 



CHj-I 



CH,-C-CsC-CH, 
3 I 
CH 3 

7.16 (a) C fi H w = formula of alkane 

C C H P = formula of 2-hexene 

H, = difference = i pair of hydrogen atoms 
Index of hydrogen deficiency = 1 

(b) C (l H w = formula of alkane 

C 6 H U = formula of methylcyclopentane 

H, = difference = I pair of hydrogen atoms 
Index of hydrogen deficiency = 1 

(c) No, all isomers of C^H,,, for example, have the same index of hydrogen deficiency. 
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(d) No 

(e) C 6 H, j = formula of alkane 
C 6 H H) = formula of 2-hexyne 

H 4 = difference = 2 pairs of hydrogen atoms 
Index of hydrogen deficiency = 2 

(f) C H) H 22 (alkane) 
C, H 16 (compound) 

H ( , = difference = 3 pairs of hydrogen atoms 
Index of hydrogen deficiency = 3 
The structural possibilities are thus 

3 double bonds 

1 double bond and one triple bond 

2 double bonds and 1 ring 
I double bond and 2 rings 

3 rings 

1 triple bond and one ring 

7.17 (a) C|,H 32 = formula of alkane 

C,jH 2J = formula of zingiberene 

H s = difference = 4 pairs of hydrogen atoms 

Index of hydrogen deficiency = 4 
(b) Since I mol of zineiberene absorbs 3 mol of hydrogen, one molecule of zingiberene 
must contain three double bonds. (We are told that molecules of zingiberene do not con- 
tain any triple bonds.) 

M If a molecule of zingiberene has three double bonds and an index of hydrogen defi- 
ciency equal to 4, it must have one ring. (The structural formula for zingiberene can be 
found in Problem 23.2.) 

7.18 (a) We designate the position of the double bond by using the mm number of the two 
numbers of the doubly bonded carbon atoms, and the chain is numbered from the end 
nearer the double bond. The correct name is rra/w-2-pentene 



not 



(b) We must choose the longest chain for the base name. The correct name is 2-methyl- 
propene. 

3.1 



, 
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(c) We use the lower number of the two doubly bonded carbon atoms to designate the 
position of the double bond. The correct name is 1-methylcyclohexene. 




(d) We must number the ring starting with the double bond in the direction that gives the 
substituent the lower number. The correct name is 3-methylcyclobutene. 



(e) We number in the way that gives the double bond and the sitbsliuient the lower num- 
ber. The correct name is (Z)-2-chloro-2-butene. 



2/1 



3X4 



CT 



CI 



(f) We number the ring starting with the double bond so as to give the substituents the 
lower numbers. The correct name is 3.4-dichlorocyclohexene. 



X)' 



cr 4 



C1^5^ 3 
4 



7.19 (a) 



«Q_ 





"H ' (h) C1^"""H 



(0 CHf=CHCBr 



(i) 




« H,C 



CH 3 



*S (k) CH-C=C-^, IIH (1) | 3 y^ C H-c = CH 
CI H 



1 



ij 



ii 



>.':■ 



<'i 






I! 
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7.20 (a) / 




(Z,4/?)-4-Bromo-2-hexene 



i""H 
Br 
(Z,<W)-4-Bromo-2-hexene 




H""/ 
Br 
(£,¥#)-4-Bromo-2-hexene 




(b) 




(57?,4Z)-3-Chloro- 1 ,4-hexadiene 



Br 

(E.4S) -4-Bromo-2-hexene 



H CI 

{3S,4Z)-3-Chloro- 1 ,4-hexadiene 





{3RAE)--i-Ch\0T0- 1 ,4-hexadiene (JS,4£>3-Cbloro-l ,4-hexadiene 



(0 



4 

Cl H 
(2£,4i?)-2,4-Dichloro-2-pentene 

Cl 



Cl 



Cl H 



A 
H Cl 

(2E,45)-2,4-Dichloro-2-pentene 



(2Z,4R)-2,4-DichIoro-2-pentene 



Cl a 

H Cl 
(2Z,4S)-2,4-Dichloro-2-pentene 



(d) 




Br 



Br 



H Cl 
(3ft4ZJ-5-Bromo-3-chloro-4- 
hexen-1-yne 

Br 





Cl H 

fi5,4Z;-5-Bromo-3-chioro-4- 
hexen-1-yne 

Br, 



H Cl 
(3fl,4£)-5-Bromo-3-chloro-4- 
hexen-1-yne 




CI H 

(3S.4E) -5-Bromo-3-chloro-4- 
hexen-1-yne 
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7.21 (a) (Ej-3.5-Dimethyl-2-iiexene 

(b) 4-Chloro-3-methylcyclopentene 

(c) 6-Methyl-3-heptyne 

(d.) l-wc-Buryl-2-niethylcyclohexeneor l-methyl-2-(l- m e[hylpropyl)cyclohe.Nene 

(e) (Z,3/?)-3-Chloro-4-lieplen- 1-yne 

(f) 2-Pentyl-l-hepiene 

7.22 (a) CH 3 CH,CH,C1 (CH3)]C0K > CHCH - CH 

3 2 2 (CH,) 3 COH w ¥* ; ** t % 

CH,CH,ONa 
(b CH,CHCH, -T77 — ■ — =♦• CHCH-CH 
3 ± 3 CHjCHjOH ^n 2 \.n-^ti 2 

(c) CH 3 CH 2 CH 2 OH i*U^ CH 3 CH=CH 2 

(d) CH 3 CHCH 3 S h »' y CH 3 CH=CH, 

OH 

(£) «Wi CH 2 Br f^g^ CH^CH, 
Br 

(f) CH 3 CSCH "N^W CH.CH^CH, 



7.23 (a) 



m 



Br 



CH,CH,ONa 
CH,CH,OH 



X 



Cl & 



\ / CH_,CO,H' 

(-.-•. OH 

JTJiea^ /^ 



7.24 (a) HC=CH 



(b) HCsCH 



NaNH, ^ 
liq. NH,' 



****** ^7> hc-~ch 3 



NaNH, 
liq. NH, 



^ r 



> HC=C : "Na + 9 H ^H 2 -B r> HCsC 



(-NaBr) 

NaNH, / Vu 2;, 

(c)CH,CsCH ,. - > CH,C=C-Na + CHj ~'> 
[from(a)] ll ^ **%> 3 (-Nal) 

(d) CH— CsC-CH, 1 — >> ^Y-r'™ 3 

[from(c)] N ^(P-2J H - C -\ 



•CH 2 CH, 



CH 3 — CsC-CH, 
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' 



(e) CH — C=C-CH 
[from(c)] 



(l)Li, CH,CH,NH, C.H 3 



3 (2)NHjCl 



C=C 



H 



CH, 



■ Fi HC=C ; NV CH 'S CH: ~ Br > HC=C-CH,CH,CH 3 



[from(a)] 

CHjCHjC; 
[from(f)] 



(-NaBr) 



NaNH-, - ra — i 

tg) CH,CH,CH,CsCH ,. -> CH,CH,CH,C =0 Na + B|_J 

Iiq. NH, * - - (-Nal) I 

CH,CH 1 CH,C sCCH, 



tj CH-,CH-,CH-, x /-^-"-t 

(h) CH 3 CH,CH,CsCCH 3 Ni I ' =» " " C=C^ 

[from(g)] " «*«** H H 



(i) CH 3 CH,CH,C=CCH 
[from(g)] 



(l)Li.CH 3 CH,NH, CH 3 CH 2 CH 2 s U 



3 (2)NH 4 CI 



C=C 



CH, 



."*""' rnrH-Rr NaNHi 

(J) HC=C : Na + A i, > HCsCCH,CH 3 — — ^~>> CH 3 CH,C=C ; Na* 



[frora(a)] 



(-NaBr) 



D,0 



CH,CH ; — Br 



Iiq. NH 3 
•" CH 3 CH,C=CCH,CH 3 



CH, N 


,CH, 


C- 


=C 






D 


D 



7.25 



(k) CH 3 CH,C=C : Na + — ^ CH 3 CH,C=CD 
[from(j)] 

« CH 3 C S CCH 3 -jjt^ 
[from(c)] 

We notice that the deuterium atoms are cis to each other, and we conclude, therefore, that 
we need to choose a method that will cause a syn addition of deuterium. One way would 
be to use D, and a metal catalyst (Section 7.13) 

CH, 



Pi 




'-'! 
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7.26 Dehydration of rra/i5-2-methylcyclohexanoI proceeds through the formation of a carboca- 
tion (through an El reaction of the protonated alcohol) and leads preferentially to the more 
stable alkene. I -Methylcyclohe.xene (below) is more stable than 3-methylcyclohexene (the 
minor product of the dehydration) because- its double bond is more hiahly substituted. 



CH, 



CH, 



,,OH 



H* 
-H,0 



CH, 



CH, 



(major) (minor) 

Trisubstituted Disubstituted 
double bond double bond 

Dehydrohalogenation of trims- 1 -bromo-2-methylcyclohexane is an E2 reaction and must 
proceed through an ami periplanar transition state. Such a transition state is possible only 
for the elimination leading to 3-methylcyclohexene (cf. Problem 7.S). 




* Ch 



CH, 



Br 

! 



7-27 (a) r H.-C-CH 



3 NaNH, 



3-Methylcyclohexene 



-6 n 5 — *~~ v-n, — : : — if— 3 

° = I ' mineral oil, heat 

Br 

(b) C 6 H 5 CH-CHBr 2 JJ^,,^* C^CMC'ltf ™*- C 6 H 5 -C=CH 

(c) C 6 H 5 CH=CH, 7^-> CJL-CH-CH, . , " : . > GH,C =C :" Na + 

* - CCl, 6 3 i i 2 mineral oil, heat ^-6™-? — S? 1Na 

Br Br 



^> C 6 H 5 -teCH 




(d) C 6 Hj-^-CH 3 

NHjQ 



PCI; 



CI 
■*- C fi H,-C-CH 



3 NaNH, 



CI 



'3 mineral oil, heat 



■> C fi H,C=C : 'Na + 



V C 6 H r C=CH 
7.2S Cyclobutane is less stable than any of the butene isomers. 

7.29 l-Pentene, 3375 kJ mol" ' 

o'j-2-Pentene, 3369 kJ mol -1 
Ara/M-2-Pentene, 3365 kJ mol -1 
2-MethyI-l-butene, 3361 kJ mol"' 
2-Methyl-2-butene, 3355 kJ mol" 1 



Si 

M 

Hi ■' 






™: 



i 



" 102 ALKENES AND ALKYNES I: PROPERTIES AND SYNTHESIS 

7.30 1-Pentanol > 1-pentyne > 1-pentene > pentane 
(See Section 3.7 for the explanation.) 



CH, 



NaOEt 



7.31 (a) CH3CHCHCH3 -ggg- 



CH 



3 V, ^ CEl 
C=C + 



CH, 



Br 



CH 3 



heat 



H 



CH, 



CHf=CHCHCH 3 



(major) 



(minor) 



CH, 

1 3 



(b) CH 3 -i^CH-CH 3 -^L%- CH 3 -C-CH=CH 2 



iH 3 Br 



CH, 



EtOH, 
heat 



CH, 



CH 3 



L.n 3 y 3 

(c) CH 3 CH 2 CCH,CH 3 -§|> CH 3 CH=CCH 2 CH 3 + CH,=C(CH 2 CH 3 ) 2 
Br " heat' (major) (minor) 



Q>-CH 3 4 <^}"CH 2 
(major) (minor) 



OBr NaOEt 

-CH, EtOH, 
3 heat 

Br 
-J^„ NaOEt w /^ CH 2 CH 3 

H I (major) 

H 



.CHjCHj 



(minor) 




■JaOEt [-^V 

EtOH, I J 
heat \/ 



.CrxjCr^ 



:h 2 ch 3 



ch. 



CH 



^11.3 U£l 3 

7.32 (a) CH 3 CHCHCH 3 jjggj» CHj=Ch6hCH, 



1 
Br 

CH, 



heat 



(major) 
CH, 



(b) CH 3 CCH 2 CH 2 
CH 3 Br 

CH 3 
(c.) CH.CH.CCH.CH, -^ 
Br heat 



^^ CH 3 CCH=CH 3 

1-BuOH, 3 1 , * 

heat CH, (only) 

CH, 



CH 3 
+ CH 3 CH=CCH 3 
(minor) 



CH, 



Y 3 

:>Bu - CH,CH,CCH,CH 3 + CH 3 CH=CCH,CH 3 



CH, 



.l 3 un 2 i_v.n 2 i_n 3 
(major) 
CH, 



(minor) 



CH, 



(d) CH.CCHXHCH, ^gg*- CH 3 C|CH 2 CH=CH 2 + CH 3 CCH=CHCH 3 
CH 3 Br neat ' CH 3 (major) CH 3 (minor) 



(major) (minor) 



heat 



■# 
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7.33 (a) CH 3 CH 2 CH 2 CH 2 CH 2 Br ) r „' rn „> CH 3 CH 2 CH 2 CH=CH 2 



(CHj) 3 COH 

(CHO3COK. 
(b) CH 3 CHCH 2 CH 2 Br ^ > CH 3 CHCH=CHj 



1 
CH, 



(CB,) 3 COH 



CH, 



CH, 



. 2 (CH,),COK 

(c) CH,CHCHCH 2 Br 

CH, 



CH, 



mmom** ch 3 chc-ch 2 



CH, 



(d) H 3 C 



(e) 



7.34 



Br. 



CH, 



(CH^COK 



CH,CH,ONa // 

— - — = *■ H C— '' 

CH,CH,OH 1 



Ch, 



CH 3 CCH 2 CH 3 > CH 3 CHCHCH 3 > CH 3 CH 2 CH 2 CH 2 CH 2 OH 

m 2° 



OH 3° 
CH, 



1° 



HL, 



CH, 



■•>-• (a) CH 3 CCH 3 -j^j* CH^CCH, 
OH (-h,0) 

CH 3 CH 3 CH 3 

(b) CH 3 CHCHCH 3 he I f t ,> CHj=CHCCH 3 + CH 3 CH=CCH 3 
OH (-HjO) (minor) (major) 



CH, 



CH, 



CH, 



(c) CHjCHjdCHjCHj he I f l > CH 3 CH=CCH 2 CH 3 + CH 3 CH 2 CCHjCH 3 
OH (-HjO) (major) (minor) 



CH, 



8* 



(d) CH,CCH 2 OH gg» CH 3 C=CHCH 3 + CHj=CCH 2 CH 3 



1 
CH 



<*W CH 3 (major) 

rearrangement J 



I 
CH 



3 (minor) 



HO / v 



^ H 3 c\J~ C ^ t£* H 3 C-< r VcH 3 + H.C-T'V™* 



heat, 
(-H,0) 



(major) 






(minor) 



7.36 The alkene cannot be formed because the double bond in the product is too highly 
strained. Recall that the atoms at each carbon of a double bond prefer to be in the same 
plane. 
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7.37 Only the deuterium atom can assume the anti periplanar orientation necessary for an E2 
reaction to occur. 




6 



OEt 



7.38 (a) A hydride shift occurs. 

w r* (-H,0) 
CHjCH^CRjCHjOH > CH 3 CH 2 CH,CH 2 -OH 2 + *" 



hydride 



CH 3x 8 



CH 3 CH,CH -CH, + " y "' > CH3CH-CHCH, > C=C + H,0 

£*JP m JM .. H CH 3 ' 

(1° cation) A v _^ i0H 2 (major product) 



(b) A methanide shift occurs. 



OH 




CH 



ch 3 * f>H 3 ^^ r^f CH3 JB^ 



H,C H ^ CH, 



CH, 



+ H 3 + 



(c) A methanide shift occurs. 

CH 3 9*3 A n 

CH-C CH-CH 3 -^>- CH-i CH-CH, ' E > 



CH, I 



4* i^ 

Ag + 



CH 3 CH 3 

CH r C-CH-CH 3 meth ^ a " id S . CH 3 -C-r-C-CH, 

shift 3 1 \y 



[,-C— CH 
CH, 



(- ■■■■■■iS) 



kH- 



H 3 C CH 3 

C=C 
H,C' "CH, 



Et-OH 



(d) The required anti periplanar transtition state leads only to (E) alkene: 



c 6 n r j:—c 

CH, ^Br 



C « H 5 \ 



,,H 



cti 3 ' V CA 



C1S.2R) 






1 
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7.39 In the first step, cholesterol reacts with bromine to form the Wc-dibromide. This product 
is then purified by crystallization, and then treatment with zinc in ethanol convert* the 
pure Wc-dibromide back to cholesterol. (Recrystallization of the Wc-dibromide is espe- 
cially easy because it has a higher melting point than cholesterol.) 




DEL 



+ impurities 



Crude cholesterol 




Careful recrystallization to purify 



Zn, EtOH 
(-ZnBr,) ' 



cfj 




Pure cholesterol 



7.40 ( a) Caryophyllene has the same molecular formula as zingiberene (Problem 7.17): lim- 
it, too. has an index of hydrogen deficiency equal to 4. That I mol of caryophyllene ab- 
sorbs 2 mol of hydrogen on catalytic hydrogenation indicates the presence of two dou- 
ble bonds per molecule. 

(b) Caryophyllene molecules must also have two rings. (See Problem 23.2 for the struc- 
ture of caryophyllene.) 

7.41 (a) C 3I1 H 6 , = formula of alkane 

C 3 r,H 5 ,| = formula of squalene 

H l2 = difference = 6 pairs of hydrogen atoms 

Tndex of hydrogen deficiency = 6 

(b) Molecules of squalene contain six double bonds. 

(0 Squalene molecules contain no rings. (See Problem 23.2 for 4t» structural formula 
of squalene.) ., ■■•'" 



7.42 



(a) We are given (Section 7.3A) the following heats of hydroaenation: 

Pt 



n'.v-2-Butene + H, ■ 
»wu-2-Butene ■* H, 



-> butane AH 



Pi 



> butane AH" 



-120kJmor' 
-115 kJmol" 



Thus, for 



a'.r-2-Butene 



rtmn.r-2-butene AH° = -5.0 kJ mol" 



(b) Convening m-2-butene into tra/u-2-butene involves breakiiia the tr bond There- 
fore, we would expect the energy of activation to be at least aslarae as the --hord 
strength, that is, at least 264 kJ mol" 1 . 



K 

1: 



'X;; 






'is. 1 



106 



ALKENES AND ALKYNES I: PROPERTIES AND SYNTHESIS 



m 



cfs-2-Butene 




264 U mol 



AG° = -5.0 kJ mol" 1 $ \ rrnHS-2-Butene 



Reaction coordinate 



7.43 (a) 



~ H 



H 
CH, 



H;. 
Pt 



<o? 



H 
CH, 



Optically active (the 
enantiomeric form is an 
equally valid answer) 



Optically inactive and 
nonresolvable 



(b) 



Hi,, 



CH,CH, r 



y 



CH, 



H 2 , 
Pt' 



Optically active (the 
enantiomeric Form is an 
equally valid answer) 



CH 3 CHXH 2 CH,CH,CH 3 

H 

Optically inactive and 
nonresolvable 



7.44 That I and J rotate plane-polarized light in the same direction tells us that I and J are not 
enamiomers of each other. Thus, the following are possible structures for I, J, and K. (The 
enantiomers of I, J, and K would form another set of structures, and other answers are 
possible as well.) 



CH 3 qh 3 
CH 3 CH^^*H - 

CH=CH 2 
I 
Optically active 

CH 3 QH 3 

ch^c^^-h 

I 

CH,CH 3 - 
J 
Optically active ' 



H 2 



Pt 



CH J CH 3 



K 



CH 3 CH»^,.^H optically 



CHjCHj 



active 



H, 



Pt 



■h 



ALKENES AND ALKYNES I: PROPERTIES AND SYNTHESIS 107 



7.45 The following are possible structures: 



CH 3 CH 3 

/ C=C \ 
H CHCH, 


H, 




Pt \ 




1 
L CH 3 




\ CH, 
\ 1 

CH 3 CH,CHCH(CH,) 


CH 3 




/ N 


CH, CHCH, 


H, / 


' Optically inactive 
but resolvable 



/ \ Pt 

H CH, 

M 
(uther answers are possible as well) 

7.46 (a) With either the (\R2R)- or the (lS.2S)-l,2-dibromo-1.2-diphenylethane. only one 
conformation will allow an anti periplanar arrangement of the H- and Br-. In either case, 
the elimination leads only to (Z)- 1-bromo- 1 .2-diphenylethene: 



B : " 



Phi' 



Hr 



Ph, 



Br 



s? 







,H 



( 1 R.2R)- 1 ,2- Dibromo- 1 ,2-diphenylethane 
(anti periplanar orientation of H- and -Br) 



BT ^Ph 

(Z)- 1 -B romo- 1 ,2-dipb.eny lethene 




Br ' - 

Ph^ 






iPh 
H 



(IS, IS)- 1 ,2-Dibromo- 1 ,2- diphenylethane 
(anti periplanar orientation of H- and -Br) 



(Z)- 1-Bromo- 1 ,2-diphenylethene 



(b) With ( 1 R.2S)- 1 .2-dibromo- 1 ,2-diphenylethane. only one conformation will allow an 
anti periplanar arrangement of the H- and Br-. In this case, the elimination leads only to 
(£")-■! -bromo- 1 .2-diphenylethene: 




B«u. 



# 



H 



^S' 



"No 



(l^,25)-l,2-Dibromo-l,2-diphenylethane 
(anti periplanar orientation of H- and -Br) 



Ph r ^Ph 

(E)- 1 -Bromo- 1 ,2-diphenylethene 



■' ; V* 
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(c) With ( I R,2S)- 1 ,2-dibromo- 1 .2-cliphenylethane : only one conformation will allow an 
ami periplanar arrangement of both bromine atoms. In this case, the elimination leads only 
to (f)- 1 .2-diphenylethene: 






Ph„ 



„,H 



(l/?,2S)-l,2-Dibromo-l,2-diphetiylethane 
(anti periplanar orientation of both -Br atoms) 



n» m fS^ w^ 



(£■)-! ,2- Diphenylethene 






or Na/NH, 




CH 3 
CH=CH, 



HA. 




CH 3 
CH— CH, 



cc- 



-HA 




CH, 



% 



H :A" 



CH, 



(b.) No, tetrasubstituted double bonds usually show no C=C stretching absorption in 
their infrared spectra. 



*7.48 



__/VW — V_AA 



+H + 



OH 



Y_AA 



OH 



-H + 



H 3 C H 




and its enantiomer 



*7.49 (a) Three 
fb) Six 



QUIZ 
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7-1 Which conditions/reagents would you employ to obtain the best yields in the Mamma 
reaction? a 



CH 3 CH,CHCH 3 — -*• CH 3 CH 2 CH=CH, 

Br / 

(a) H,0/heat ( c ) (CH 3 ) 3 COK7(CH 3 ) 3 COH, heat 

(b) CH 3 CH 3 ONa/CH 3 CH 2 OH, heat (d) Reaction cannot occur as shown 

7.2 Which of the following names is incorrect? 

(a) l-Butene (b) trw,s-2-Butene (c) (Z)-2-Chloro-2-pentene 

(d) 1,1-Dimethylcyclopentene (e) Cyclohe.xene 



7.3 Select the major product of the reaction 



CH, 



CH 3 CH 2 6-CH(CH 3 ) 2 ||gV , 
Br 



CH 3 
(a) CH 3 CH 2 C=C(CH 3 ), 

CH 3 
(c) CH 3 CH=C-CH(CH 3 ) 2 

CH 3 
(e)CH 3 CH 2 C-CH(CH 3 ) 2 

OC 2 Hj 

7.4 Supply the missing reagents. 

(a) 



CH, 
(b) CH 3 CH 2 C -CH(CH 3 ), 

CH 3 
(d) CHpCH-CH-CH(CH,) 



Pi 



2-Butyne 



-> fra;;s-2-butene 



(c) 



->■ ris-2-butene 



-*>- butane 



* : t 
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(d) 






rr CH3 


CH, 

a- 








^j 


(0 






^Y Ci -h 










kj 


CH, 

l 3 


(f) 






CH 3 
CH 3 C=CHCH,CH 


CH,CCHBrCH,CH, 









Br 

7.5 Arrange the following alkenes in order of decreasing stability. 
l-Pentene. m-2-pentene. rmw-2-pentene, 2-methyl-2-butene 





Most suable 

7.6 Complete the following synthesis, 
(a) 



Least stable 



Propene 



Br, 



CC1 4 



NaNH, 



3 NaNH, 



mineral oil 
110-160°C X 



(c) 



(b) 



liq. NH 3 



NH.C1 



(d) 



(e> 



2-Pentyne 




ALKENES AND ALKYNES II: 
ADDITION REACTIONS 



SOLUTIONS TO PROBLEMS 

8.1 CH,CHCH,I 



^ r 2-Bromo-l-iodopropane 



8 + <^5- 



Br 



8.2 (a) CH 3 CH 2 C=CH 2 + H-Br >■ CH 3 CH 2 C-CH 3 r ^n^n^v-n;. 



,C— CH, -^> CH,CH,CCH 3 



CH, 



CH, 



CH, 



CH 3 



I J -a 5 *?" 5 " A X 

(b) CH 3 C=CHCH 3 +* I -CI *■ CH 3 C— CHCH 3 



3 \ 

-cr\ 



« 



CH,C— CHCH, 



«■> .^rTvgsf 



KjC^I 



CH, 



I J *~ 6 ' C*. b" I "+ 

8.3 (a) CH r CH-CH=CH 2 + H-Cl *- CH 3 -C-CH-CH : 



CH, 



I- 
H 2° Carbocation 

1,2-hydride 
shift 



CH 3 
CH5-C-CH 2 -CH 3 -*-Qf~ CHj-i-CHj-CHj 

Q{ ^ ^ 3 : '""location 

2-Chloro-2-mctliylbutane 
(from rearranged carbocation) 



CH 3 
IrC-C 



CH 3 -C-CH-CH 3 

H 
Unrearranged 2° carbocation 



cr 



*• CH 3 -C— CH-CH 3 
H 



2-Cliloro-3-melhylbmane 
(from unrearranged carbocation) 



111 



3 



1 



I] 

j 



J 
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(b) 



CH, 

CH,-C-CH=CH, 
CH, 



H-Cl 



Cl\ 



4 



-CH-CH, 
I 3 

CI 



C% 
CH,-C-CH-CH 3 

CH 3 2° Carbocation 

1,2-mcthanide 
shift 

CH, 



3-Chloro-2,2-dimethylbmane 
(from uniearranged carbocation) 



:'-cf 

CH, 



CH3-C-CH-CH3 



cr 



CI CH, 



CH 



6h, 



H-CH, 



8.4 CH-pCH, + H 2 S0 4 



2-Ch.loro-2,3-dimcthylbutanE 
(from rearranged carbocalion) 

H,0 



** CH3CHOSO3H -^> CH 3 CH 2 OH + H 2 S0 4 



heal 






8.5 la) Use a high concentration of water because we want the carbocation produced to 
react with water. And use a strong acid whose conjugate base is a very weak nu- 
cleophile. (For this reason we would not use HI, HBr, or HC1.) An excellent method, 
therefore, is to use dilute sulfuric acid. 



^v + 

+ H— 6— H 

I 
H 

(from dilute 
H,S0 4 ) 



OH 




(b) Use a low concentration of water (i.e.. use concentrated H 2 S0 4 ) and use a higher 
temperature to encourage elimination. 



.:. 



ML- 



ALKENES AND ALKYNES II: ADDITION REACTIONS 1 13 

(c) l-Methylcyclohexanol would be the product because a 3° carbocation would be 
formed as the intermediate. 



+ H— O— H 




H 





CH 3 

:.6 CH-C- 

I 
CH 



" H3O+ 



H 3 + 



CH 3 CH 3 

^ CH^-fr-CH, ™0^> CH,-C-CH- Ci, 



CH, 



CH, 



3 migration ' 



CH, 



CH, 



-^> CH,-C-CH-CH, ~-^—>- CH,-C-CH-CH, 



H,0 + 



CH, 



I I 
HO CH. 



8.7 The order reflects the relative ease with which these alkenes accept a proton and form 
a carbocation. (CH 3 ) 2 C=CH ; reacts faster because it leads to a tertiary cation. 

CH 3 
H,0 + 



(CH 3 ),C=CH, 



-> CH,— C— CH, 3° Carbocation 



CH,CH=CH, leads to a secondary cation. 



CH,CH=CH, 



H,0 + 



-*- CH 3 — CH— CH 3 2° Carbocation 



and CH,=CH, reacts most slowly because it leads to a primary carbocation. 
', H,0 + 



CH,=CH, 



-> CH 3 — CH, + 1° Carbocation 



Recall that formation of the carbocation is the rate-determining step in acid-catalyzed 
hydration and that the order of stabilities of carbocations is the following: 

3° > 2° > 1°>*CH, 






I 

si; 
Si! 

S:j 

>;! 
$\ 



;:■;■:■ 






V,: ; 
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CH, 



CH, 



8.8 CH 3 — C=CH 2 — ►• CH 3 — C— CH 3 



L 



h4 



CH, 



CH 3 — C— CH 3 



►H^O= H 



A:' CH 3 



CH 3 
S=m+ CH -C-CH, 



:0: 

CH 3 



:Br- 



8.9 



8.10 




H 



Br 



H 






S- sBr: 




(a) 
(b)^:OH, 



(^ Br <^(b) 



Bromonium 

ion 



^ / + ^ 



Br 
from (a) 



Br 
from (b) 



-W 





HO? 



Because paths (a) and (b) occur 
at equal rates, these enantiomers 
are formed at equal rates. 



Br Br 

Racemic form 




Nu: 



~> 



Nu = H,0 



H 2 C^CH 2 
Br + 



or Br 



or CI 



4 -H + 
Br— CH,CH 2 — OH 2 > Br— CH 2 CH 2 — OH 

Br— CH,CH 2 — Br 

Br— CH,CH,— CI 
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c 

,12 (a) / \ + enantiomer (b) 

H,C*'/ \"ih 



o: 



H 



CH, 



n r h 

(c) / \ 

,.C— C. 
H 3 CV V'CH, 

H H " 



8.13 




8.14 



S.15 (a) 



(b) 



(c) 



CHBr, 



KOC(CH 3 ) 3 




Br 



Br 




^> C^J + £^7 



•C CH 3'"^H 




CH, 



CH, 



(DOsO,, pyridine, 25°C, 
(2) NaHSO., 




CH, 
" ,OH 



roH 

CH, 




CH,CH 



3 (1) OsOj, pyridine, 25°C /~~~~ J V*' 



CH,CH 3 
OH 



(2) NaHS0 3 



(l)OsQ 4 , pyridine, 25 °C, 



*u. 



(2) NaHSO, 




+ enantiomer 



+ enantiomer 



H OH 



■'tw- 



j 
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8.16 (a) Syn-hydroxylation at either face of (2)- or cis-alkene leads to the meso compound 
(2«,3S>2,3-butanediol. 



H 



1 



HO . /^CH 3 H3< \ f H 3 C^\ ^OH 

9 syn-hydroxylation 6 svn-hvdroxylation € 

I *-* ' « || ► I 

c. c >cl 

/ \ 8jC I OH 



HO'' C*CH 



H 

(2i?,3S>2,3-Butanediol 

t 



H 3 C H 
(Z)-2-Butene 

-Same meso compound- 



H 
(XR,3S)-2,3-Butanediol 

t 



(b) Syn-hydroxylation at one face of the (£)- or trans-alkene leads to the (2/?,3J?)-enan- 
tiomer: at the other face, which is equally likely, it leads to the (2S,3S)-enantiomer. 



H 

HO. fXH, 



syn-hydroxylation 



HO^ C'H 

CH 3 

(2S,3S)-2,3-ButanedioI 

t 



\ t 

C syn-hydroxylation 



C 
H V CH 3 



H 

: 3 c^ x oh 

I 

h^V ^oh 



(£)-2-Butene 
- Enantiomers - 



(2J?,3i?)-2,3-ButanedioI 

t 



8.17 (a) 



H,C H 

\ . / 

C=C 

/ \ 

ch— ch, 



(DO., 



H,C 



H 3 C 



(2) Zn, HOAc 



H 3 C 



c=o + 0=C 
/ V 



CH, 



CH— CH, 

I 

cm 



(b) CH,CH,CH=CHCH,CH 



(1) 0_, 



3 (2) Zn, HOAc 



> CH,CH,CH=0 



(c) 



o 



H 
J CD 0, 



\ (2) Zn, HOAc 
H 



H 



O + 0=C 



H 






8.18 Ordinary alkenes are more reactive toward electrophilic reagents. But the alkenes obtained 
from the addition of an electrophilic reagent to an alkyne have at least one electronegative 
.uom (CI, Br. etc.) attached to a carbon atom of the double bond. 



-CsC- 



B3£v 



or 



H 






-C=C- 



X 



X f 

c=c 



These alkenes are less reactive than alkynes toward electrophilic addition because the 
electronegative group makes the double bond "electron poor." 



^ 



.t*ib. 



HO 
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8.19 The molecular formula and the formation of octane from A and B indicate that both 
compounds are unbranched octynes. Since A yields only CH.,CH : CHnC0 2 H on ozonol- 
ysis. A must be the symmetrical octyne CHjChUCH^C^CCH.CH-CH.,. The 1R ab- 
sorption for B shows the presence of a terminal triple bond. Hence B is 
CH,tCH 2 ) 5 C=CH. 

Since C (C'dHii) gives HO : C(CHi) r ,C0iH on ozonolysis. C must he cydnoe- 
tyne. This is supported by the molecular formula of C and the fact that it is converted 
to C, S H|„ (cyclooclane) on catalytic hyclrogenation: 

Answer to the Study Problem related to cholesterol biosynthesis, page 355. 

In cholesterol biosynthesis an anti-Markovnikov addition occurs between CIO (once it 
becomes like a tertiary carbocation) and C15, forming the six-mejnbered "C" tint! of 
cholesterol (see the reactions in the text, page 355). This process results in a develop- 
ing secondary carbocation at C14. which adds to CIS to form the five-membered "D" 
ring of cholesterol. If, on the other hand. Markovnikov addition occurred between CIO 
and C14 instead of anti-Markovnikov addition between CIO and CI 5. as shown in the 
following scheme, a developing leriiciiy carbocation would result at C 1 5. along with for- 
mation of a five-membered "C" ring. Then, Markovnikov addition of C15 (as it becomes 
like a tertiary carbocation) to CIS would lead to a four-membered "D" ring and a terti- 
ary carbocation at CI 9. 

Squalene 




lir~ 
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8.20 Bv converting the 3-hexyne to m-3-hexene using H,/Ni,B (P-2) 



Et 
I 

1 



H, 



Ni 2 B(P-2) 



II 
C 

H' V Et 



Then, addition of bromine to cw-3-hexene will yield (3RAR). and (35,45)-3,4-dibromo- 
hexane as a racetnic form. j 

Et Et 

Br, Hu^Br Bnw<S--H 



H v y Et 

l\ and addition 

H Et 



8.21 (a) CH3CHXHCH3 
I 

(d) CH 3 CH 2 CHCH 3 



> T + l 

Et Et 

(35, 45) (3fi, 4/0 

v , * 

v 

Racemic 3,4-dibromohexane 



(b) CH 3 CH 2 CH 2 CH 3 (c) CH 3 CH,CHCH 3 

OH 



(e) CH 3 CHjCHCH 3 
OH 



(f) CH 3 CH,CHCH 3 
Br 



(g) CH 3 CH 2 CHCH,Br (h) CH 3 CH 2 CH=CH 2 (') CH 3 CH,CHCH 2 Br 



I 
Br 



(j) CH 3 CH 2 CHCH 3 
CI 



1 
OH 





(k) CH 3 CH 2 CHCH 2 OH (1) CH 3 CH 3 CH + HCH 



OH 



(m) CH,CH,CHCH,OH 00 CH 3 CH,C0 2 H + C0 2 



8.22 "(a) 



m 



OH 



OSO,H 



(b) 



(e) 



«o 



OH 



a 



OH 



(0 



cr 



(g) I T + enantiomer (h) | l| 



(g) + < 

^\r 



,o ci 



r~Y Br 

(i) i + enantiomer 



* a 0H 



O 
II 



''OH 

O 

11 



(1) HC(CH 2 ) 4 CH 



OH 






■■-': 



(m) 



a 



OH 
OH 
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(n) HOC(CH,),COH 



S.23 (a) CH 3 CH 2 C=CHBr (b) CH 3 CH 2 C=CH, (c) CH,CH,CBr,CH, 



I 
Br 



Br 



8.24 



(d)CH 3 CH,CH 2 CH 3 (e) CH 3 CH 2 CH=CH 2 (f) CH 3 CH 2 C =CCH 3 

CH 3 
(g) CHjCHjC =CH and CHpCCH 3 [An E2 reaction would take place when 

CH 3 CH 2 C =CNa is treated with (CH 3 ) 3 CBr.] 

H 3 C Br 
(a) CH 3 C=CHCH 3 (b) CH 3 CBr 2 CH 2 CH 3 (c) ^ C =C 

Br Br CH, 



H 3 C N ,CH 3 



(d) CH 3 CBr,CBr,CH 3 .(e) C=C 



H H 



H 3 C N p 
(f) £=e 

H CH 



H,C H 

(g) / c=c x ( h ) CH,CH,CH,CH, (i) CH 3 CH,CH,CH 3 

H CH 3 

(j) CH,C0 2 H (2 molar equivalents) (k) CH 3 CO,H (2 molar equivalents) 
(1) no reaction 



Br, 



8.25 (a) CH 3 CH,CH=CH, -=*■*> CH,CH,CH-CH 



3NaNH, 



CC\, 3 2 1 1 3 mineral oil, 

Br Br heat 

NH CI 
CH,CH 2 CsCNa *— >• CH 3 CH 2 C=CH 

(b) CH 3 CH 2 CH 2 CH 2 C1 „ Bu0tiheat > CH 3 CH 2 CH=CH, Then as in (a) 

(c) CH 3 CH,CH=CHC1 -^-Su* CH 3 CH,C=CNa NH ' C1 > 



miner, 1 ! ",, 
htat 



CH,CH,C=CH 



(d) CH.CH^CH-Cl 3NaN , H :, > CH,CH,C=CNa -^V 
* I mineral oil, 



CI 



heat 



CH,CH,C=CH 



(e) H-teC-H »> H-C-CNa -^^ CH 3 CH 2 C=CH 
liq.NH 3 3 * 



3 

i 
j 






i 

1 

:'.V 

Ji 

] 
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CH 3 CH 3 

8.26 (a) CH^CH, ^2^ C H 3 (|cH 

OH 
CH 3 CH 3 



(b) CH 3 C=CH, ^ CH 3 CCH 3 

CI 



CH 3 
(c) CH 3 C=CB 



CH, 



HBr 



CH, 



v >- CH 3 CCH 3 

(no peroxides) J | 

CH, 



(d) CH,C=CH, -»*■ CH 3 CCH 3 



CH 3 CH 3 

(e) CH 3 C=CH 2 C ' ;,a -°> CH 3 CCH 2 Cl 

OH 

8.27 (a) C ]0 H,, (saturated alkane) 

C m H l6 (formula of myrcene) 

H f) = 3 pairs of hydrogen atoms 
Index of hydrogen deficiency (IHD) = 3 

(b) Myrcene contains no rings because complete hydrogenation gives C H ,H 22 , which 
corresponds to an alkane. 

(c) That myrcene absorbs three molar equivalents of H, on hydrogenation indicates that 
it contains three double bonds. 

(d) Three structures are possible: however, only one gives 2,6-dimethyloctane on com- 
plete hydrogenation. Myrcene is therefore 



CH, 



CH, 

II '. 



CH 3 C=CHCH 2 CH 2 CCH =CH, 



u 
(e) 0=CHCH,CH 2 CCH =0 



HO— CH,CH, 




CH 3 CHCH 3 _ HCl 

0CH,CH 3 ** 



CH3CHCH3 



:0^-CH,CH, 



Cl" 



r H 



.; : -i; : 
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8.29 The rate-determining step in each reaction is the formation of a carbocation when the 
alkene accepts a proton from HI. When 2-methylpropene reacts, it forms a 3° carbocation 
(the most stable); therefore, it reacts fastest. When ethene reacts, it forms a 1 " carbocation 
(the least stable); therefore, it reacts .the slowest. 



CH^ - C — CH, 



~ H ~~ ! > CH f 
fastest ' 



CH, 



CH, 



-CH, 



r 



3° Cation 



r 



->- CH 3 -CH-CH 3 — L ->- CH 3 CHCH 3 
2° Cation 



I 



CH^=CH, 



p> CH 3 -CH 2 + - J -*- CH 3 CH,I 



slowest 



1° Cation 



8.30 CH 3 CHCH 2 CH 2 CH,CHCH 2 CH 2 CH 2 CHCH,CH 3 



CH, 



CH, 



CH, 



8.31 




2,6,10-Trimethyldodecane 

H OOO 

II II II 

> CH 3 CCH 3 + HCCH,CH,CCH 3 

O 

II II 
+ HC— CH 



(DO;, 

(2) Zn, HOAc' 



8.32 



Limonene 
8.33 C 6 H 5 CH-CH,-OH ; H * > ■ C 6 H 5 CH — CH,— O-H 4-H£ 



C«H 5 



"I 



H 1,2-hydride 

rt* shift 

C 6 H-C-CH, , > C 6 H-C-CH 3 



C 6 H-C-CH 3 



II 

■'■I 

■'■■■■■. 
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CH 3 :OH \ j~ 9 H 3/? H 2 
I H-I I M (~H,0) w 
8.34 CH,-C CH-CH, -= > CH 3 -C CH-CH, — > 



■.;(■ 

.'-■■■; 



CH 3 

CH, 
CH,— C— CH— CH 

CH 3 

2 = Carbocation 



CH, 



CH, 



1,2- 



methanide 
'shift 



► CH,— C— CH— CH, 

I 



CH, 
3° Carbocation 



I CH, 

I I 
C—< 

I 
CH, 



CH 3 — C— CH— CH, 



8.35 (a) The hydrogenation experiment discloses the carbon skeleton of the pheromone. 




3-Ethyl-7-methyl- 1-decanol 
The ozonolysis experiment allows us to locate the position of the double bonds. 



Codling moth 
pheromone 




(DO, 



(2) Zn, HOAc 



-► O. 




(b) 

7 

(6£) 

8.36 Retrosynthetic analysis 

CH 3 (CH,)„ ,(CH,) 7 CH 3 

C=C 
/ \ 

H H ■ 

CH 3 (CH,),, -rCsC-f- (CH 2 ) 7 CH 3 



(2Z) 




Syn 



=> CH 3 (CH,) p C=C(CH 2 ) 7 CH 3 addition 

ofH 2 



> CH 3 (CH,) U CH,X + HOeCH + 
X-CH 2 (CH 2 ) 6 CH 3 



I 
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Synthesis 



HC^CH fg|* HC=c4* gJMgSg^ 
liq-NHj " C-NaBr) 



HC=C(CH 2 ) 7 CH 



NaNH, 
, jj— ♦ m =C-C(CH 2 ) 7 CH 3 



CH,(CH,)|,CH 3 -Br 

(-NaBr) * 



CH 3 (CH 2 ) 12 C^C(CH 2 ) 7 CH 3 ^^ CH 3 (CH 2 ) 12 ^(CH^CH 



C=C 
Muscalure 



*8.37 Retrosynthetic analysis 

CH 3 CBr 2 CH 2 CH 2 CH 2 CH 2 CH 3 



Markov- 

nikov 
addition 



Markov- 

nikov 
addition 



HC=CCH,CH 2 CH,CH,CH 3 
+ HBr 



CHf=CBrCH 2 CH 2 CH 2 CH 2 CH 3 + HBi 
=> HCsCH + BrCH 2 CH 2 CH,CH 2 CH 3 



Synthesis 



HC=CH 



NaNH, 
liq.NH 3 



HC=C< Na + CH3CH - aH : CH,CHl Br j t 



(-NaBr) 



HCsCCHjCH^CHjCHjCHj . 



"HBr" 



Br 



CHjCOBr/alumina^ HC =CCH 2 CH 2 CH 2 CH 2 CH 3 
H 



"HBr' 



CH,COBrtl»mina > CH 3 CBr 2 CH 2 CH 2 CH 2 CH 2 CH 3 

8.38 Syn hydrogenation of the triple bond is required. So use H 2 and Ni 2 B(P-2) or H 2 and Lind- 
lar's catalyst. 



CH, 



8.39 (a) gM3 

Hw^^OH and 

enantiomer 
through syn 



(b) 



QH 3 



u 



H^t^OH 
CHjCHj 



addition 



Hk^^OH and 

j enantiomer 

HO*£""*H 



CHjCHj 



through syn 
addition 



(c) 



QH 3 
Hk^.^dBr and 



enantiomer . 
through and 
" r addition 



CH 2 CH, 



cd) gH 3 

Hk^A^iBr and 

enantiomer 
_^C,^^ through anti 

Br^^^H addition 

CHjCH3 



L 



i 

'*ww — t— i' : ". . 
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8.40 (a) (2S.3/?)- [the enantiomer is (2/?.3S)-] 

(h) (25,35}- [the enantiomer is (2R3R}-\ 

(c) (25,3/?)- [the enantiomer is (2^.35>-l 

(d) (25.3S)- [the enantiomer is (2R3R)-] 



if 
I 



8.41 



f J|+ Br^Br > 



>f 



CI 



-a. \ 1 + enantiomer 

^/"'"Bt 



Bromonium ion 



The bromonium ion reacts with a chloride ion to produce the f ™-l-bromo-2-ch!oro- 
cyclohexane enantiomers. 

8.42 W 1-Pentyne has 1R absorption at about 3300 cm"' due to its termina! triple bond. 
Pentane does not absorb in that region. 
(W l"ne absorbs in the ,620-1680 em" region due to the alkene function. Pen- 
tane does not exhibit absorption in that region. 

g ^Bron^eTe Shows C-Br absorption in the 690-5.5 « > *m M P*- | 

H £*££. see <n. The interior tripie bond of W gives relative* weak 
absorption in the 2100-2260 cm' 1 region. f ,-, 

(f, For 1 pentene. see (b). 1-Pentanol has a broad absorption band m the pflMSO 
cm" 1 region. 

S l^lo-2- P entene has doub.e bond absorption in the .620-1680 cm" region 

(i) ^Jn^Eo^bSidabsorpt.oninthe ,620-,680cm- region not found 
in 1-pentanol. 

8 41 Because of the electron-withdrawing nature of chlorine, the electron density at the dou- 
bYe bond is greatly reduced and attack by the electrophilic bromine does no, occur. 

*8.44 The index of hydrogen deficiency of A, B, and C is two. 

Q H I4 

H = 2 pairs of hydrogen atoms 

f ., »Ui Knurl rwn double bonds, a double bond and a 
Thkvpsult suunests the presence ol ample Dona, two uuuuic uuimo, 

IS "two rm^ The feci that A, B. and C all decolorize. Br : /CCl 4 and dissolve ,n coned. 
H,SOj suggests they all have a carbon-carbon multiple bond. 

A must be a terminal alkyne. because of IR absorption at about 3300 cm"'. 

Since A gives hexane on catalytic hydrogenation, A must be 1-hexyne. 

CH 3 (CH 2 ) 3 C=CH 2 |f> CH 3 (CH 2 ) 4 CH 3 
A 



■■~ 
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This is confirmed by the oxidation experiment 
(DKMnOj.OH", heat 



CH 3 (CH 2 ) 3 C^CH ^— 



► CH 3 (CH,),CO,H * CO,T 



Hydrogenation ot'B to hexane shows that its chain is unbranched, and the oxidation ex- 
periment shows that B is 3-hexyne. 

(1) KMnOj, OH', heat , 



CH 3 CH 2 C eeCCH,CH 3 



B 



(2)H,0* 



■* 2 CH,CH,CO,H 



Oxidation of C shows that it is cyclohexene. 
(l)KMnOj, OH", heat 



8.45 (a) Four 



(2) H 3 0' 



OH 



> HO,C(CH,),CO,H 



(b) CH 3 (CH 2 ) 5 ^^CH 2 (CH 2 ) 7 CO,H + enantiomer 



/ 
i C=C 

H / \ 

H H 



CH 3 (CH,) 5 ^J^<CH, H 

| '\^ 

H / \ 

H (CH 2 ) 7 C0 2 H 



+ enantiomer 



i.46 Hydroxyiations by KMn0 4 are syn hydroxylations (cf. Section 8.9). Thus, maleic acid 
must be the cu-dicarboxylic acid: 



H CO,H 

c 

S 

/ \ 

H C0 2 H 



KMnQ, 



^V 



syn hydroxylation /*> 

HOjC 
i mMo-Tartaric acid 



"OH 



Maleic acid ■ 
Fumaric acid must be the rrwu-dicarboxylic acid 



H CO,H 



KMnQ, 



C 
/ \ 

H0 2 C H 

Fumaric acid 



syn hydroxylation 



HO,CL 



_OH HO^ 



x- 



£'0 2 H 



/ ^OH HO" \ 

H H 

(+)-Taitaric acid 



CO,H 
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i ami addition. Thus, fumaric acid yields a meso ■com- 
H0 2 a 



8.47 (a) The addition of bromine is an i 
pound. 



H CO,H 

V 

8 + Br2 

/ \ 

HO,C H 



Br 



anti 



addition 



Hw>/- 



Br ^"""H 
C0 2 H 



H 



C0 2 H 



H 



< C-Br 



*8.48 



* A meso compound 
(b) Maleic acid adds bromine to yield a racemic modification. 
HC .„ H,C/ ^Br 0£.f ^CH, 



8.49 



HB, *£' 



CH, 



tor • H ra 



Br 



(+)A 



Br CH 3 

B 
(optically active) (a meso compound) 



Br c Br 



(CHOyCOK 
B ■ ► 



(CH 3 ) ] COK > 



H,C 



(+)A 



Br 

1 

CH 3 
CH, 



H 3 C 



CH 2 



Br 



(+) A 



Br 



(+)A 



(CHQjCOK 



CH? 



(1) 0., g 

CH, (2) Zn. HOAc 0' 




c=c=c 

X (CH=CH) 2 CH 2 C0,H 



HCsC-CsC 
H, 

"c=c=c' x 

HC=C-C=C < ' H 



/ (CH=CH)jCH 2 C0 2 H 
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QH 3 



8.50 



HC=C 



*»C 



--H 



Pt 



-xLCH^ 



CH, 



E 



D 

Optically active 

(the other enantiomer is 

an equally valid answer) 



Optically inactive 
(nonresolvable) 



*8.51 (a,b) 






*8.52 



+ 

m \r 

OH OH H 

racemate C 



(c) C. in contrast to its cis isomer, would exhibit no intramolecular hydrogen-bonding. 
This would be proven by the absence of infrared absorption in the 3500- to 3600- 
cm - ' region when studied as a very dilute solution in CCl 4 . C would only show 
free O — H stretch at about 3625 cm"' 



H H 

*% -p 

CH 3 CH^ H " CI 

I " 
CH, 

D 



CH 3 CH,„ Hp cl 
-C 2 H 4 w \|fl I > -cr 
^-^ N— C > 

CH 3 CH, C1 



CH,CH, ,r\ H 

N = C*- 

CH,CH, C1 ) 



h,o: 



CH 3 CH 2 ~ h 



CH,CH 2 O-^H 



-ci- 



CH 3 CH 2 ,~ H 

N— C-0 
CHjCHj 6C1 H 



-H+ 



CH,CH, f f\H 

/N -c-o N 

CH 3 CH, C1 H 



-H+ 



CH,CH 2 

3 V 



H 



N-< 

CH 3 CH 2 ° 



i 



l 
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QUIZ 



(a) 




,CH, 



(b) 



U A hvdrocarbon whose molecular formula is C 7 H, 2 . on catalyl.c hydrogena ron ex^ 
5JS yields C 7 H, 6 . The original hydrocarbon adds bromine and also exhrb.ts an IR 
Option band at 3300 «T "' Which of the following is a plausible choree of structure 
for the original hydrocarbon? 

-CH, ( C) CH- i CH=CHCH=CHCH,CH 3 

(d) CHjCH 2 CH 2 C=CCH,CH., 

(e) CH 3 CH,CH 2 CH 2 CH : C=CH 

CH, OH 
I 3 I 
8.2 Select the major product of the dehydration of the alcohol, CH 3 C CHCH 3 




CH, 



CH, 



(a) CH,C-CH=CH, (b) CH 3 C=CHCH 



CH 3 



CH, 



:=cc 



'i 

CH 



CH, 



(c) CH 3 C=CCH 3 
CH, 



CH, 



CH, 



(d) CH 3 CH-t=CH 2 (e) CHj=C 



-C'HCH 3 



CH, 



CH, 



8.3 Give the major product of the reaction of d*-2-pentene with bromine. 



H-f-Br. Br 

H— |— Br Br 

CH 2 CH 3 



W CH, (b) CH 3 (O CH, (d) CH 3 (e)Aracemic 

Y n 3 **' T 3 ' . -I n mixture of 

-H H-kBr Br-h-H ^ 

-H Br-|-H H_ T Br 

CH,CH 3 






CH 2 CH 3 



CH 2 CH 3 



^•s CH 3 



8.4 The compound shown here is best prepared j \/_c=C-CH,CH 3 
by which sequence of reactions? l ^y 



r^\F H3 

(a) i — CSCH + NaNH, 



(b) CH 3 CH 2 CsCH + NaNH, 
^CH 3 



then CH 3 CH,Br 

r-^\F H 3 
Br 



then 



a 



product 
product. 



(c) 



(d) 



^~f CH=CHCI 



CH=CHCH,CH 3 



OCL 



CHj-CHCHjCHj & - H50H 
Br 



+ H, - > product 



NaOQH 5 

=-%■ product 
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8.5 A compound whose formula is C fi Hm (Compound A) reacts-with H/Pt in excess to give 
a product C 6 H ]2 , which does not decolorize Br,/CCl 4 . Compound A does not show IR 
absorption in the 3200-3400 cm - ' region. 

O ' 
Ozonolysis of A gives 1 mol of HCH and 1 mol of f \=0 . Give the structure of A. 



(a) 



(b) CH 3 CH,CH;,C=CCH 3 (d) 

(c) CHjCHjCHjCHjCsCH 




«> 



(e) CHf=CHCH 2 CH 2 CH =CHj 
8.6 Compound B (C 5 H, ) does not dissolve in cold, concentrated H,SO„. What is B? 
(a) CRpCHCH,CH 2 CHj (b) CH 3 CH =CHCH 2 CH 3 



(c) 



(d) 



8.7 Which reaction sequence converts cyclohexene to m-l,2-cyclohexanediol? That is, 

H 





(a) Cold, dilute, aqueous KMnOj, OH" (b) (1)0., (2) Zn/HOAc 

O 
(c) (l)Os0 4 (2)NaHS0 3 (d) (1) Rc'-OOH (2)H 3 + /H,0 

(e) More than one of these 

8.8 Which of the following sequences leads to the best synthesis of the compound 

CH 3 CH,C'sCH ? (Assume that the quantities of reagents are sufficient to carry 
out the desired reaction.) 



(a) CH 3 CH,CH =CH 2 ' 

(b) CH 3 CH,CH=CH 2 

(c) CH 3 CH 2 CH,CHBr, 

(d) CH 3 CH,CH,CH 3 

(e) CH 3 CH 2 CH=CH 2 



Br,, 



Br, 



NaOH, 
~HO^ 
NaNH, , 



H,SOi 



Br, . NaNH, . 
p- *"& 



light 

n Zn.HOAc 






RADICAL REACTIONS 



SOLUTIONS TO PROBLEMS 



10.1 



v 



(a) H- 
(DH° = 


H + F- 
■ 435) (DH° 


-F ►- 

= 159) 


2H— F 
2(DH° = 569) 




+594kJmor' 
is required for 
bond cleavage 




-1138 kJ mol -1 

is evolved in 
bond formation 




\H° = 


: +594- 1138 
> -544 kJ mol" 1 




(b) CH 3 - 
(DH° = 


-H + F- 
■- 435) (DH° ■ 


-F > 

= 159) 


CH 3 — F + H— F 
(DH° = 452) (DH° = 569) 




+ 594 kJ mol"" 1 
is required for 
bond cleavage 




-1021 kJ mol -1 

is evolved in 
bond formation 






AH" = +594 - 1021 
= -427 kJ mol" 1 




-H + Cl- 
= 435) (DH° 


rf"~M ^» 


CHj-Cl + H-CI 
(Dff° = 349) (DH° = 431) 


(c) CH 3 
{DH° ■■ 


-CI * 

= 243) 




+678 k J mol" 1 
is required for 
bond cleavage 




-780 kJ mol -1 

is evolved in 
bond formation 






AH° = +678 - 780 
= -102kJmor' 




— H + Br 
= 435) (DH C 


„ 


CH,— Br + H— Br 
(DH°~=293) (DH° = 366) 


(d) CH 3 
{DH° 


Br P 
= 192) 




+627 kJ mol -1 
is required for 
bond cleavage 




-659 kJ mol -1 

is evolved in 
bond formation 






AH° = +627 - 659 
= -32 kJ mol -1 
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. M 



148 



(e) CH 3 - 
(DH° = 


-H + I— 
= 435) (DW = 

+ 586 kJ mol" 1 
is required for 
bond cleavage 


I 
151) 

AH° = 


*■ CH 3 - 

(DW = 

+586 - 531 
+55kJmoI"' 


-I + H— I 
234) (DW = 297) 

-531 kJ mol" 1 
is evolved in 
jond formation 


(f) CHjCH,— H + Cl- 
(DH° =~410) (DW s 


-CI 
= 243) 


W, f |T (-'TT 


2 — CI + H— CI 
= 341) (DW = 431) 


P Unfurl 

(DW- 




+ 653 kJ mol" 1 
is required for 
bond cleavage 






-772 k J mol" 1 

is evolved in 
bond formation 


tr,\ fr^u \ 




AH° = 

— CI 

= 243) 


= +653 - 772 
= -119 kJ mol" 1 


),CH— CI + H— CI 
° = 339) (DW = 431) 


(g) (LHj),i.n — n t v_i 

(DW = 395) (DH 


r (CH 3 

(Dh 




+638 kJ mol" 1 
is required for 
bond cleavage 






-770 kJ mol" 1 

is evolved in 

bond formation 






Ml 


' = +638 - 770 
= - 132 kJ mol 


-1 


(h) (CH 3 ) 3 
(DW -■ 


C— H + Cl- 
= 381) (DW -- 


-CI 
= 243) 


^ /T^TT \ 


C— CI + H— CI 
= 328) (DH°=431) 


> (LHj), 
(DH° = 




+624 kJ mol" 1 
is required for 
bond cleavage 


Aff° = 


= +624 - 759 
= -135 kJ mol" 1 


-759 kJ mol" 1 

is evolved in 
bond formation 



10.2 CH)CH : C- > CH 3 CH,CH> > (CK 3 ) 2 CHCH 2 « > CH 3 




CH, 



> Methyl 



10.3 The compounds all have different boiling points. They could, therefore, be separated by 
careful fractional distillation. Or, because the compounds have different vapor pressures, 
they could easily be separated by gas chromatography. GC/MS (gas chromatogra- 
phy/mass spectrometry) could be used to separate the compounds as well as provide 
structural information from their mass spectra. Their mass spectra would show contri- 
butions from the naturally occurring ''CI and ' ,7 C1 isotopes. The natural abundance of 
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35 Cl is approximately 75% and that of 37 CI is approximately 25%. Thus, for CH 3 Cl, con- 
taining only one chlorine atom, there will be an MT peak and an M t +2 peak in roughly 
a3: 1 (0.75:0.25) ratio of intensities. ForCH,Cl 2 there will be MT,MT +2, and MT +4 
peaks in roughly a 9:6: 1 ratio, respectively. [The probability of a molecular^ ion M . 
with both chlorine atoms as 35 C1 is (.75)075) = .56, the probability of an M t + 2 .on 
from one 35 C1 and one -"CI is 2(.75)(.25) = .38, and the probability of an MT +4 ion 
peak from both chlorine atoms as "CI is (.25)(.25) = 0.06; thus, their ratio is 9:6: 1.] 
For CHC1, there will be MT, MT +2. and MT +4, and MT +6 peaks in approxi- 
mately a 27:27:9: 1 ratio, respectively (based on a calculation by the same method). 
(This calculation does not take into account the contribution of l3 C, 2 H, and other iso- 
topes, but these are much less abundant.) 

10.4 A small amount of ethane is formed by the combination of two methyl radicals: 

2CH 3 ►CH, : CH 3 

This ethane then reacts with chlorine in a substitution reaction (see Section 10.6) to form 
chloroethane. 

The significance of this observation is that it is evidence for the proposal that the 
combination of methyl radicals is one of the chain-terminating steps in the chlorination 
of methane. 

10.5 The use of a large excess of chlorine allows all of the chlorinated methanes (CH,C1. 
CH,CU, and CHC1,) to react with chlorine. 



10.6 Chain Initiation 

Stepl F— F 

(DH° = 159) 



Chain Propagation 

Step 2 CH 3 — H + F- 
(DH° = 435) 

Step 3 CH,- + F— F 



-> 2F- AH° = + 159 kJ mol" 



-*► CH 3 - + H-F AH° 



-134kJmor 



(DH° = 569) 



^ CH 3 — F + F- \H° 9 -2931Umol" 



{DH° = 159) (DH° = 452) 

Chain Termination 

CH 3 - + F- fc- CH 3 — F AH" = -452kJmol -1 

(DH° = 452) 

CH 3 - + CH 3 - > CH 3 -CH, AH° = -368 kJ moP 1 

F- + F- 



10.7 CH,— H + y- 



(DH° = 368) 

-> F— F AH° = -159kJmor I 

(DH° = 159) 

-*■ M&- + H-F AH° = -134kJmor 1 



G¥&- 



+ F— F 



-> ch 3 — f + y 



AH" = -293kJmor l 



CH,-rH + F-F 



-> CH,— F + H— F AH° = -427 kJ mol" 



l -: 
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10.8 (a) Reactions (3), (5), and (6) should have £. ia = because these are gas-phase reactions 
in which small radicals combine to form molecules. 

(b) Reactions (1), (2), and (4) should have E aa > because in them covalent bonds are 
broken. 

(c) Reactions (I) and (2) should have £. |cl = AH° because in them bonds are broken ho- 
molytically but no bonds are formed. 



10.9 (a) 



PE 



5- F— H— CH, 8 



£ =rt = +5.0 kJ mol -1 




Step 2 



Reaction coordinate >- 



(b) 



PE 



E act = +4.2 kJ mol -1 




Step 3 



Reaction coordinate >■ 
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(c) 



PE 



F— F 




AH7= E act = +159 kJ mol 1 



Reaction coordinate >■ 



(d) 





CH 3 - 


+ F- 




* 


t 


v. N. 


E*ct = 


1 


<1H° = -4i 


2kJmoi~ 


\ 


PE 


J 


f 


V CH 3 — F 







Reaction coordinate 



(e) Notice that this is the reverse of Step (2) in part (a) 



! 



PE 




AH° = +134 kJ mol" 



Reaction coordinate 



10.10 (a) CH 3 CH,— H + CI- 
{DH° ='410) 

AfT = -431 + 410 = -21 kJ mol -1 



-> CH,CH,- + H— CI 



(DH° = 431) 
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(b) 



PE 



Transition 

state 
8- 8- 

CI— H— CH,CH 3 




CH 3 CH,- + H— CI 



Reaction coordinate 



(c) The hydrogen abstraction step for ethane, 

CHjCH-H + CI- ► CH 3 CH,- + HCI (f acl = 4.2 kJ mol" ' ) 

has a much lower energy of activation than the corresponding step for methane: 



CHj-H + CI- 



-> CHv 



+ HCI 



(£„„ = 1 5.9 kJ mol"') 



Therefore, ethyl radicals form much more rapidly in the mixture than methyl 
radicals, and this leads to the more rapid formation of ethyl chloride. 




10.11 



CI, 



Step 2a CI- + 



hv 



or heat 
CI 

H:C-CH, 

I 3 
H 



■*■ 2 CI- 



CT 
Step 3a CH 3 C • + CI : CI 



-> H i CI + 



CI 



u-c-c 



CH,-C-C1 

3 I 
H 



CI 

•C-CH, 

I 

I 



+ CI- 



1,1-dichIoroethane 
Step 2b CI- + H-CH,CH,C1 > H:C1 + -CH,CH,C1 

Step 3b -01,01,0 + CI: CI > C1CH 2 CH,C1 + CT- 

1,2-dichloroethane 



10.12 (a) There is a total of eight hydrogen atoms in propane. There are six equivalent 1° 
hydrogen atoms, replacement of any one of which leads to propyl chloride, and 
there are two equivalent 2° hydrogen atoms, replacement of any one of which leads 
to isopropyl chloride. 



CH 3 CH 2 CH 3 + CI, 



CH 3 CH,CH,CI 



CH,CHCH, 

3 I 3 
CI 
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If all the hydrogen atoms were equally reactive, we would expect to obtain ?5fs 
propyl chloride and 25% isopropyl chloride: 

% Propyl chloride = % X 100 = 75% 

% Isopropyl chloride = 1 X. 100 = 25% 

(b) Reasoning in the same way as in part (a), we would expect 90% isobutyl chloride and 
10% fcrr-butyl chloride, if the hydrogen atoms were equally reactive. 



CH, 



CH, 



-C-H + 



CI, 



(CH 3 ) 2 CHCH 2 CI + (CH 3 ) 3 CC1 



CH, 



100 = 90% 
100 = 10% 



% Isobutyl chloride = % X 

% rert-Butyl chloride = Sft X 

(c) In the case of propane (see Section 1 0.6), we actually get more than twice as much 
isopropyl chloride (55%) than we would expect if the 1° and 2° hydrogen atoms 
were equally reactive (25%). Clearly, then, 2° hydrogen atoms are more than twice 
as reactive as I ° hydrogen atoms. 

In the case of isobutane, we get almost four times as much rm-butyl chloride 
(37%) as we would get (10%) if the 1° and 3° hydrogen atoms were equally reactive. 

The order of reactivity of the hydrogens then must be 



10.13 The hydrogen atoms of these molecules are all-equivalent. Replacing any one of them 
yields the same product. 



CI 



CI, 



CI, 



light 



light 



(+ more highly chlorinated products) 



,C1 



(+ more highly chlorinated products) 



We can minimize the amounts of more highly chlorinated products formed by using a 
large excess of the cyclopropane or cyclobutane. (And we can recover the unreaeted cy- 
clopropane or cyclobutane after the reaction is over.) 



10.14 (a) 




(b) CH 3 - 



3 -c-c- 

H,C CH, 



•CH, 



CH 3 
(c) CH 3 — C-CH 



10.15 At lower temperatures, isomer distribution accurately reflects the inherent reactivities of 
the hydrogens of the alkanes. As the temperature is raised, chlorine atoms become more 
reactive, and hence less discriminating. If the temperature is high enough, hydrogens are 
replaced by chlorine on a purely statistical basis. 



. -,1 
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10.16 (a) 



CH, 



taKg. 



«C1 



CH 3 


CH 3 


light V 


<- Hi^^sCI 


1 
CH, 


k 




H"i^Cl 


Ch 3 


CH 3 . .. 


(2S,4S)-2,4-DichIoro- 


(2R,4S)-2,4-Dichloro 


pentane 


pen cane 



(b) They are diastereomers. (They are stereoisomers, but they are not mirror images of 
each other.) 

(c) No, (2/?.4S)-2.4-dichloropentane is achiral because it is a meso compound. (It has a 
plane of symmetry passing through C3.) 

(d) No, the achiral meso compound would not be optically active. 

(e) Yes, by fractional distillation or by gas chromatography. (Diastereomers have dif- 
ferent physical properties. Therefore, the two isomers would have different vapor 
pressures.) 

(f and g) In addition to the (25,45)-2,4-dichloropentane and (2/?.4S)-2,4-dichloropen- 
tane isomers described previously, we would also get (2S.35)-2,3-dichloropentane, 
(25,3/?)-2,3-dichloropentane and the following: 



Hi^^Cl 

I 
CH, 



:h 



r" 

CH 3 

(optically active) 

10.17 (a) Seven (see below) 



QH 3 
Clk^^.Cl 



(optically inactive) 



Hk^^iCl 
CH, 



CH 



CI 



(b) CH 3 
CH 2 
CH, 
CH, 



Br, 



heat, 
light 



CHBr, 

CH, 

CH, 



QH-,Br 
H^^Br 

U 



(optically active) 



QH,Br 
3rK^.^,^H x 

k 



CH, 



CH, 
CH 3 



(b) 



CH 3 

CBr, 

CH, 
I " 
CH 3 

(c) 
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lh -C 



^Br 



I 
■C- 

CH, 



Br^l^H 



QH 3 

! 



CH, 



CH, 



CH,Br 



H 



S:- 



*Br 



iwA, 



*Br 



H' 



Br 



CH, 



(c!) 



_j 



CH 3 

(e) 



CH, 
CH, 



3n»^^-H 

I 

r 

CH,Br 



CH. 



CH,Br 



(f) 



(c> 



(d) 



10.18 



■ 



None of the fractions would show optical activity. Fractions (b), (d), and (f) are 
racemic forms; all others contain achiral molecules. 

Ions likely to be formed are the molecular ion (MT), MT-Br, and others. The MT 
peak would be accompanied by MT+2 and MT+4 peaks due to the isotopes of 
bromine. The natural abundance of 7<J Br is 50.5% and the natural abundance of 
sl Br is 49.5%. Thus, the MT peak (where both bromines are 7 ' J Br) has probabil- 
ity (,505)(,505) = .255, the MT+2 peak (one 79 Br and one sl Br) has probability 
2(.495)(.505) = .500, and the probability of the MT+4 peak (where both bromine 
atoms are 8, Br) is (.495)(.495) = .245. Thus, the MT, MT+2, and MT+4 peaks 
will have an intensity ratio of approximately 1:2:1, respectively. (This calculation 
does not take into account the contribution of "C, 2 H, and other isotopes.) The 
Mt-Br peak would also be accompanied by an MT-Br+2 peak. 

(a) No, the only fractions that would contain chiral molecules (as enantiomers) would 
be those containing l-chloro-2-methylbutane and the one containing 2-chloro-3- 
methylbutane. These fractions would not show optical activity, however, because 
they would contain racemic forms of the enantiomers. 

(b) Yes, the fractions containing l-ch!oro-2-methylbutane and the one containing 2- 
chloro-3-methylbutane. 

(c) Yes, each fraction from the distillation could be identified on the basis of 'H NMR 
spectroscopy. The signals related to the carbons where the chlorine atom is bonded 
would be sufficient to distinguish them. The protons at CI of l-chloro-2-methyl 
butane would be a doublet due to splitting from the single hydrogen at C2. There 
would be no proton signal for C2 of 2-chloro-2-methylbutane since there are no 
hydrogens bonded at C2 in this compound; however, there would be a strong sin- 
glet for the six hydrogens of the geminal methyl groups. The protons at C2 of 2- 
chloro-3-methylbutane would approximately be a pentet, due to combined splitting 
from the three hydrogens at CI and the single hydrogen at C3. The protons at CI 
of l-chloro-3-methylbutane would be a triplet due to splitting by the two hydro- 
gens at C2. 



10.19 



Chain-Initiating Step 

heat,/iv 



CI, 



light 



> 2 CI* 



/'■ 
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Chain-Propagating Steps (%, 

> CH 3 CH 2 CHj • -** CH 3 CH 2 CH 2 C1 

+ HC1 + CI* 
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CH 3 CH,CH 3 



CI* 



-► CH,CH* 



CI, 



I 



'-> CH,CHCl + CI* 



I 
CH, 



* 10.20 (a) Three 



CH 3 



CH, 



CI,, 



Hk^^CI Cb^fc^M 



CH 3 CH 2 CH,CH 3 — -> CH 3 CH,CH,CH,C1 + | + 

CH, CH, 

CH, CH 3 



II 



III 



Enantiomers as a 
racemic form 

(b) Only two: one fraction containing I, and another fraction containing the enantiomers 
II and III as a racemic form. (The enantiomers, having the same boiling points, would 
distill in the same fraction.) 

(c) Both of them. 

(d) The fraction containing the enantiomers. 

(e) The 'H spectrum for 1-chlorobutane would show a triplet at approximately S3.6- 
3.8. whereas the hydrogens at C2 of 2-chlorobutane (either enantiomer) would 
approximately be a pentet at S3.6-3.S. The DEPT spectra for 1-chlorobutane would 
have three positive signals corresponding to the carbons of the three CH, groups 
and one negative signal corresponding to the CH,. The DEPT spectra for the 2- 
chlorobutane enantiomers would have only one positive signal corresponding to tine 
single CH, carbon, and three negative signals corresponding to the two CH, groups 
and the CH carbon. 

(f) Molecular ions from both 1-chlorobutane and the 2-chlorobutane enantiomers would 
be present (but probably of different intensities). MT +2 peaks would also be pres- 
ent. Both compounds would likely undergo C-Cl bond cleavage to yield C 4 HiT 
cations. The mass spectrum of 1-chlorobutane would probably show loss of a propyl 
radical by C-C bond cleavage adjacent to the chlorine, resulting in an tn/z 49 peak 
for CH,C1 + (and m/z 5 1 from 37 Cl). Similar fragmentation in 2-chlorobutane would 
produce an m/z 63 peak for CH,CHC1 + (and m/z 65). 
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10.21 (a) Five 



QH 3 ,~, gH 2 ci 

iH CI 2 Clfc^J^iH 
— f ->- 



CH, 



CH, 



Clv^ 

CH, 

S 



t ( - C1 2 4 

CH, CH, _,-i 



CH, 



3 ^'4 

Q*JUiB CL^^C-H cawj^i® 



CH, 



CH, CH 



i^H 

3 

C 



'CI 



CH, 



CH 2 
E 



(b) Five. None of the fractions would be a racemic form. 

(c) The fractions containing A, D, and E. The fraction containing B and C would be op- 
tically inactive. (B contains no stereocenter and C is a meso compound.) 

10.22 (a) Oxygen-oxygen bonds are especially weak, that is, 

HO-OH ZW° = 213kJmol~' 

CHjOtjO -OCH 3 DH° = 1 84 kJ moP ' 



This means that a peroxide will dissociate into radicals at a relatively low temperature. 

2RO 



RO -OR 10 °- 200 ° C > 



Oxygen-hydrogen single bonds, on the other hand, are very strong. (For HO-H. DH° - 
498 kl mol -1 .) This means that reactions like the following will be highly exothermic. 



RO- + R-H 




(b) Stepl (CH 3 ) 3 CO-OC(CH 3 ) 3 
Step 2 (CH 3 ) 3 CO- + R-H - 
R- + CI— CI — 

CI' + R-H > 

CH 



> RO-H 
heat^ 



+ R- 
2 (CH 3 ) 3 CO» 



-> (CH 3 ) 3 COH + R« 



Chain 
Initiation 



Step 3 
Step 4 
CH, 



R - C1 + CI "\ Chain 

I Propagation 



H-Cl + R 
CH, 



,23 CH 3 CCR,CH 3 > CH 3 CHCHCH 3 > CH 3 CHCH 2 CH 2 



(2°) 



(1°) 



CH, 



(1°) 



2 CI 



(3°) 

10.24 (I) CI, ► 

(2) CI- + CH 4 

(3) H- + CI, 

This mechanism is highly unlikely to compete with one given in Section 10.4 because 
step (2) of this mechanism is highly endothermic (AH° = +85.8 kJ mol"'). This means 
that the energy of activation for this step, a chain-propagating step, will have to be larger 
than +85.8 kl moP '. Notice in Section 10.5B that neither of the chain-propagating steps 
for the mechanism aiven in Section 10.4 has an energy of activation greater than + 1 5.9 



>\H° s +243 kl moP 1 
-*• CH.C1 + H- Atf° = +85.8UmoP 

*■ HO + CI- \H° = -1SS kl moP' 
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kl mol - '. The alternative mechanism given in this problem, consequently, will proceed 
at a rate that is very much slower than the one given in Section 10.4 and will, for all 
practical purposes, not compete with it at all. 




(a) CH3CH3 



Br, 



heat, 
light 



1 ->*- CH,CH,Br 



Nal 



(S N 2) 



> CH 3 CH,I 



(blCH,CH,Br Na ° H > CH,CH,OH Na 
/ 3 2 (S N 2) 3 2 (-H,) 

[from part (a)] 



Br 



light 



CH 3 
(d) CH 3 CHCH,CH 3 



y\p-M (CH 3 ) 3 COK > 
heat, \ / heat(E2) 



> CH,CH,0" Na + 

CH 3 CH,Br 

CHjCHjOCHjCHj 



CH, 



Br, 



heat, 



> CH 3 CCH,CH 3 
Br 



CH, 

EtOH, J 

heat 
(E2) 



HBr, 

ROOR, 

heat, light 



CH, 
I 
CH,C— CHCH, 
"I I 
H Br 

(by anti- 

Markovnikov 

addition) 



(e)/CH 4 



B ^-^ CH,Br 



heat, 
light 



HC=CH ! ) ^r? 2 > HC=C— CH 3 '^T-r-S* CH 3 — C=C-CH, 



1) NaNH, 



2)CH 3 Br 



2) CH,Br 
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(f) HCssCH 



1) NaNH, 



2) CH 3 CH,Br 
[from part (a)] 



-±~ CH,CH,C=CH 



H„ Nt,B 



or 

H,, Lindlar's 

catalyst 



CH 3 CH,CH=CH 2 

HA, H 2 
t 

CH,CH,CHCH, 
"I 
OH 

(g) CH,CH,Br + Na + ~N=N=N- — ~> CH 3 CH 2 -N = N=N- 

10.26 Chlorine atoms are electronegative and abstract hydrogens according to their "electron 
richness." The electronegative fluorine atom reduces electron density in proportion to its 
proximity to the different CH, groups. The CH, group is the least reactive site because 
the bond dissociation energy for a CH- group is greater than that for a CH, group. 

*10.27 Besides direct H- abstraction from C5 there would be many H- abstractions from the 
three methyl groups, leading to: 




Any of these radicals could then, besides directly attacking chlorine, intramolecularly 
abstract H- from C5 (analogous to the "back biting" that explains branching during alkene 
radical polymerization). 



|! 10.28 



HO 



+ HO- 



HO 



* HOH 



dimerization 



HO' I I ^OH 

X 
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Use the sinale-bond dissociation energies of Table 10.1: 



Table 10.1 Single-bond homolytic dissociation energies DH° at 25°C 





A: B - 


w * in 






W A* T^ D 




Compound 


kJ mol-' 


Compound 


kJmol- 1 


H-H 


435 


(CH,;,CH-Br 


285 


D-D 


444 


(CH,)XH-I 


222 


F-F 


159 


(CH^CH-OH 


385 


Cl-Cl 


243 


(CH",)^CH-OCH, 


337 


Br-Br 


192 


(CH~,)iCHCH,-H 


410 


I-I 


151 


(CH,)IC-H 


381. 


H-F 


569 


(CH'-^C-Cl 


32S 


H-Cl 


431 


(CH,)",C-Br 


264 


H-Br 


366 


(CH,)',C-I 


207 


H-l 


297 


(CH',)",C-OH 


379 


CHy-H 


435 


(CH,),C-OCH- 


326 


CH,-F 


452 


C 6 H,CH,-H 


3.56 


CH,-Cl 


349 


CH,=CHCH,-H 


356 


CH,-Br 


293 


chJ=ch-h' 


452 


CH.-I 


234 


C H ? -H 


460 


CH',-OH 


383 


HC=C-H 


523 


CH3-OCH, 


335 


CH,-CH, 


368 


CH,CH,-H 


410 


CHiCH^CH:, 


356 


CH',CH^-F 


444 


CH^CH^CH^CH, 


356 


CH 3 CH,-Cl 


341 


CHiCHJ-CH^Hi 


343 


CH,CH^-Br 


289 


(CH,),CH-CH, 


351 


CH*,CH^-I 


224 


(CH~,)ic-CH, " 


335 


CH^CH^-OH 


383 


HCM-i 


498 


CH-CH^-OCHj 


335 


HOO-H 


377 


CH",CH^CH,-H 


410 


HO-OH 


213 


CH^CH^CH^-F 


444 


(CHJjCO— OC(CH,)., 


157 


CH'-,CH~CH~-C1 


341 


O O 




CH,CHiaVBr 
CH,CH^CH^-I 

ch,chjchj-oh 

ch.chxh^och, 


289 
224 
383 

335 


II II 
CfiH 5 CO— OCC 6 H ? 
CH 3 CH,0-OCH 3 . 
CH,CHJO-H 


139 

184 
431 


(CH.),CH-H 


395 


O 

II 


- 


(CH^CH-F 


439 


CH,C-H 


364 


(CH",^CH-CI 


339 
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QUIZ 



10.1 



10.2 



On the basis of Table 10.1, what is the order of decreasing stability of the radicals, 
HC=C- CHj=CH- CRpCHCH 2 " ? 

(a) HCsC- > CH-pCH- > CHj=CHCH 2 ' 

(b) CHf=CH' > HCsC- > CHf=CHCH 2 ' 

(c) CHf=CHCH 2 ' > HC=C- > CH^CH' 

(d) CHf=CHCH 2 - > CHpCH' > HCsC- 

(e) CRpCH' > CHf=CHCH 2 ' > HCsC« 

In the radical chlorination of methane, one propagation step is shown as 
CI' + CH 4 > HC1 + -CH 3 

Why do we eliminate the possibility that this step goes as shown below? 



CI' + CH, 



+ H- 



(a) Because in the next propagation step, H- would have to react with CI, to form CI- 
and HC1; this reaction is not feasible. 

(b) Because this alternative step has a more endothermic AH" than the first. 

(c) Because free hydrogen atoms cannot exist. 

(d) Because this alternative step is not consistent with the high photochemical efficiency 
of this reaction. 

10.3 Pure (5)-CH 3 CH,CHBrCH 3 is subjected to monobromination to form several 
isomers of C 4 H 8 Br,. Which of the following is not produced? 



(a) CH 3 



H- 

H- 



(b) 



CH, 



-Br 
-Br 



H- 

Br- 



CH, 



-Br 
-H 



(c) CH 
Br- 
H- 



CH, 



-H 
-Br 



CH, 



(d) CH 3 CH,CBr,CH 3 



•8 •"•Hi 

(e) (R)-CH 3 CH 2 CHBrCHjBr 



10.4 Using the data of Table 10.1, calculate the heat of reaction, Atf°, of the reaction, 



CH3CH3 + 

(a) 52.3kJmor' 
(d) -1257kJmor 



Br, 



(b) -52.3 kJ mol" 
(e) -244.8 kJ mol" 



HBr 

(c) 1257kJinor [ 



■:£ 
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10.5 Which gas-phase reaction would have £ act = 



(a) CH 3 ' + (CH 3 ) 3 C-H 

(b) CH.,' + CH3CH3 

(c) CHjCH,' + CH3CH, 

(d) Br- + H— CI 

(e) Br- + H— I 



act " 
-> CH 4 + (CH 3 ) 3 C. 
> CH 4 + CH 3 CH,' 
— ► CH 3 CH,CHjCH 3 

> H-Br + CI' 

► H-Br + I' 



10.6 What is the most stable radical that would be formed in the following reaction? 



Cl- 



Cft 

1 i 
CH 3 CH,CHCH 3 



10.7 The reaction of 2-methylbutane with chlorine would yield a total of _ 
monochloro products (including stereoisomers). 



10.8 For which reaction would the transition state most resemble the products? 



HC1 



. different 



(a) CH 4 


+ 


F' - 


— > 


CH 3 - 


+ 


HJf 


(b) CH 4 


+ 


CI' - 


> 


CH 3 - 


+ 


HC1 


(c) CH 4 


+ 


Br' - 


► 


CH 3 ' 


+ 


HBr 


W CH, 


+ 


i" - 


► 


CH,' 


+ 


HT 



fm. 
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SPECIAL TOPIC 

Chain-Growth Polymers 



A.l Head-to-tail polymerization leads to a more stable radical on the growing polymer chain. 
In head-to-tail coupling, the radical is 2° (actually 2° benzylic, and as we shall see in 
Section 15.12A this makes it even more stable). In head-to-head coupling, the radical is P. 



A.2 (a) R. + CHf=CH 

A 
(from OCHj 

initiator) Monomer 



R-CH,— CH-CH,-CH« 

oca, och„ 



R-CHj-CH- 
OCH, 



^CH,=CH 
OCH, 



On 
CH,=CH 

OCH, 



-> etc. 



f>a& 



CH,=CCt 



(b) R- + CHf=CCI 2 3 

(from Monomer 

initiator) 

R-CH,— CC1, -CH-CCI,' - **■ etc. 



A.3 In the cationic polymerization of isobutylene (see text), the growing polymer chain has a 
stable 3° carbocation at the end. In the cationic polymerization of ethene, for example, the 
intermediates would be much less stable 1° cations. 



H + + CH,=CH 2 ► CH 3 CH 2 + 



CH,=CH, etc. . 
^> CH 3 CH,CH 2 CH 2 + > 

1° Carbocation 



With vinyl chloride and acrylonitrile, the cations at the end of the growing chain would 
be destabilized by electron-withdrawing groups. 



CH,=CHC1 
H + + CHf=CH > CH,CH + — ' > CH,CHCH,CH + 

i .4- + *+ 

CI ci CI CI 



CH,=CHCN 
H + + CHf=CH > CH,CH + — S * CH 3 CHCH 2 CH + 

* 4- 4- 4- 



etc. 



CN 



CN 



CN CN 



SPECIAL TOPIC A 165 



/"**% CN 

ho' + caf=i: 



-> HO-CH,C 



CN 



CN 
CH,=C 



CO,CH, 



CN CN 

HO-CH-C— CH^— Q i 



C0 2 CH 3 

CN 
CH 2 =C 

COjCHj 



CO,CH 3 CO,CH, 



-> etc. 



A.5 (a) 



p i> H Ph H H Ph H Ph Ph H H Ph 



Atactic polystyrene 
(Ph = C 6 H 5 ) 



Ph H H Ph Ph H H fh Ph H H Ph 




Syndiotactic polystyrene 
(Ph = C 6 H 3 ) 



Ph H Ph H Ph H Ph H Ph H Ph H 




Isotactic polystyrene 
(Ph = C 6 H 5 ) 



(b) The solution of isotactic polystyrene. 
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SOLUTIONS TO PROBLEMS 

11.1 These names mix two systems of nomenclature (radicofunctional and substitutive; see 
Section 4.3F). The proper names are: isopropyl alcohol (radicofunctional) or 2-propanol 
(substitutive), and ten-bMyl alcohol (radicofunctional) and 2-methyl-2-propanoI (substi- 
tutive). Names with mixed systems of nomenclature should not be used. 
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11.2 (a) 




"0" 



l-Propanol 2-Propanol Methoxyethane 

(Propyl alcohol) (Isopropyl alcohol) (Ethyl methyl ether) 




-OH 



1-Butanol 
(Butyl alcohol) 



2-Methyl-l-propanol 2-ButanoI 2-Methyl-2-propanol 
(Isobutyl alcohol) (jee-Butyl alcohol) (fcrt-Butyl alcohol) 



1-Methoxypropane 
(Methyl propyl ether) 



Ethoxyethane 2-Methoxypropane 
(Diethyl ether) (Isopropyl methyl ether) 



11.3 



The presence of two - OH groups in each molecule of 1,2-propanediol and 1,3-propane- 
diol allows their molecules to form more hydrogen bonds. Greater hydrogen-bond for- 
mation means that the molecules of 1 ,2-propanediol and 1 ,3-propanediol are more highly 
associated, and. consequently, their boiling points are higher. 



11.4J (a) CH 3 CH 2 OH (b) CH 3 CHCH 3 (c) CH 3 C-OH (d)CH 3 CCH,CH 



I 
OH 



CH, 
C 



CH, 



CH, 



OH 
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11.5 A rearrangement takes place. 



CH, 



CTtr-i-CH^CB, + "H-O-H 



I 
H 



-> CH,-C-CH- 




1,2-methanide 

CH 3 Shift * 



CH,-C — CH-CH. 



CH 3 CH 



OH 



CH,-C — CH-CH, 

3 I I 3 

CH, CH 3 2,3-DiiuethyI-2-butanol 



11.6 (a) CH 3 C=CH 



(major product) 
Hg(OAc) 2 . 



CH 3 CH 3 



CH, 



\ Ha(OAc), I NaBH, 

~> CH,-C-CH,HgOAc *> CH,— C— CH, 

THF-H,0 3 | 2 6 OH 3 | ' 

OH OH 



He(OAc), NaBH, 

(b) CH 3 CH=CH 2 T ^ FH ^ > CH 3 CHCH 2 HgOAc QH _ 4 > CH 3 CHCH 3 

OH 



OH 



OH 



HO HgOAc 

He(OAc), I ! NaBH, i 

(c) CH 3 C=CHCH 3 "g F , Hj g> CH3C-CHCH3 ^gr** CH 3 CCH 2 CH 3 

CH 3 



CH, 



\ / H 

11.7 (a) C=C + + HgOCCF 3 



CH, 



A 1 *-?.-* R 9 H+ i 

■* -c— c- n ► <-4~ n 

\ 1 O 1 i Q 



^goiicFj 



V # 



HgOCCF 3 

RO 
-FT. IX 

TO 

HgOCCF 3 



\ 



CH, 



CH 3 



f? 



TS I ' Hg(OCCF 3 ) 2 I J II NaBH,/OH" 

m CH 3 -C=CH 2 4f-CH 3 OH > CH 3 -^-CH 2 HgOCCF 3 ^.^ 



CH 3 
CH 3 CCH 3 + Hg + CF 3 COO" 
OCH, 
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11.8 (a) 3CH,CH,CH=CHj THF! B " 3 > $B$£&&Bj# 



CH, 



(b) 3 CH 



r-C=CH, 



THF: BH 



CH, 



THF: BH, 



> (CH 3 CHCH,) 3 B 
CH, 



(c) 3CH 3 CH=CHCH 3 ~^> (CH 3 CH 2 CH),B 



CH, 



H 



(d) 3 



THF! BH, 

2-> 

syn addition 

anti Markovnikov 




CH 3 + enantiomer 



CH 3 
11.9 CH 3 C=CHCH 3 



THFiBH, 



> CH,CH-CH — WBH 



CH 



3/ 



Disiamylborane 

M 11.10 (a) CH 3 CH,CH,CH=CH, *~^| > CH 3 CH 2 CH 2 CH 2 CH,OH 
* f-Pemene " (2)H 2 0,,OH 



(b) CH 3 CH 2 CH 2 C=CH, 

CH 3 

2-Methyl-l-pentene 



(1)THF:BH 3 



(2) H,0,, OH 



*- CH,CH,CH,CHCH,OH 



CH, 



OH 
m CH 3 CH 2 C=CHCH 3 ^™ F ^> CH 3 CH,CHCHCH 3 



CH 3 

3-Methyl-2-pentene 



(d) CH 3 Cf=CHCH 2 CH 3 
CH, 



(1)THF:BH 
(2) H,0 2 , OH 



2-Methyl-2-pentene 



y\ (1)THF:BH, 

i < >-CH, \'__ ; __. 3 > 



(2) H,0 2 , OH 



l-Methylcydobutene 



CH, 



OH 

I 
**■ CH,CHCHCH,CH, 

I 
CH 3 

CH 3 

• ; >1 + enantiomer 

H 
OH 



THF:BH, / i CH,CO,D 
11.11 (a) 3CH,CHCH=CH 2 N»> /CH 3 CHCH 2 CH 2 ^WB * — --»- 



CH 3 
3 CH 3 CHCH 2 CH 2 D 
CH, 



CH, 
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(b) CH 3 C=CHCH 3 
CH, 



CH,CHCHDCH, 
3 I 



-B- 

mF:B % CH 3 CH-CH-CH 3 
CH, 



CH,CO,D 



CH, 



(c) /V. 



CH3 JHFIBH^ 



H J\ (+ enantiomer) - 



(d) 




CH,CO,T 



B (+ enantiomer) 



T (+ enantiomer) 



11.12 (a) CH 3 CH 2 OH + NaN^ 
Stronger Stronger 

acid base 



> CH,CH,ONa + NH, 



'3"-"2 
Weaker 
base 



Weaker 
acid 



(b) CH 3 CH 2 OH + HGsCNa > CH 3 CH 2 ONa + HC=CH 

^^(c) CH 3 CH 2 OH + NaOAc ^> CH 3 CH 2 ONa + HOAc 
ft Weaker Weaker Stroneer Strange; 



Weaker 
acid 



Weaker 
base 



Stronger 
base 



Stronger 
acid 



11.13 Use an alcohol containing labeled oxygen. If all of the label appears in the sulfonate es- 
ter, then one can conclude that the alcohol C-0 bond does not break during the reaction: 



base 



(-HC1) 



> R— 'O-SO^R' 



11.14 (a) 



H,C^ 



SO,OH 



PCI, 



(-POClj, -HCl) 



H 3 C -\Cj)- S0 2 CI 



base (-HCI) 



H 3 C -\lTj/- S0 2 OCH 3 
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(b) CH 3 S0 2 0H 



PCI, 



(-POCI3, -HC1) 
CH 3 S0,0CH 2 CH(CH 3 ) 2 



■>- CH 3 S0 2 C1 



(CH,),CHCH,OH 
base(-HCl) 



(c) CH 3 S0 2 Cl !S CH 3 S0 2 OC(CH 3 ) 3 



base (-HCI) 



&C 



11.15 (a) H^C-OH + «^> h^C-OTs 




11.17 



H 3 C, 
(fl)-2-Butanol 



HA 



■ — i->>--, __ inversion 

(b) H0 + hi^-OTs — p— ► 



HO-C^iH + OTs 



H 3 C 2 



C,H, 



(c) 



H 3 C 



o 



ci 



TsCl 



retention' l \ / I inve 
OH H 3 C OTs 

rij-4-Methyl- rra;u-l-Chloro-4- 

cyclohexanol methylcyclohexane 



H 3 C 



11.16 (a) Tertiary alcohols react faster than secondary alcohols because they form more stable 
carbocations; that is, 3° rather than 2°: 



CH, 

L 4 



CH3-C O-H 

3 I I 
CH 3 H 



CHj-C 7 - 



CH, 



CH, 



vCt 



CH 3 

CH,-C-C1 

3 I 
CH 3 

(b) CH 3 OH reacts faster than 1° alcohols because it offers less hindrance to S N 2 attack. 
(Recall that CH 3 OH and 1" alcohols must react through an S N ,2 mechanism.) 



CH, 



CH,CHCHCH, + HBr -*- 
3 I 
OH 



CH, 

I 



CH,CHCHCH 3 + Br" 
+OH, 

A 

-H,0 



CH 3 CH 3 ■' CH 3 

CH 3 icH 2 CH 3 *£=« CH 3 CCH 2 CH 3 +^ CH 3 CHCHCH 3 
g r shift 



ALCOHOLS AND ETHERS 171 



11.18 (a) CH 



CH, 
CH, 



OH 



J£» 



CH 3 
CHj-C-bHj 



-HjO^ 



-> CH. 



CH, 

,-c + 



R-OH ^ 

(1° only) 



CH, 



CH, 



CH, 



-C— 6-R 

I I 

CH 3 H 



-H\ 



f 3 
CH,-C-0-R 

3 I 

CH, 



This reaction succeeds because a 3" carbocation is much more stable than a l'car- 
bocation. Consequently, mixing the 1° alcohol and H 2 S0 4 does not lead to formation of 
appreciable amounts of a 1° carbocation. However, when the 3° alcohol is added, it is 
rapidly converted to a 3" carbocation, which then reacts with the 1° alcohol that is present 
in the mixture. 



11.19 (a) (1) 



CH, _, 

I 3 <** 

CH 3 CHO* Na + 



CH, 



CH 3 CH0-CH 3 



Na + 



(L = X, OSO,R, orOSO,OR) 



CH, 



ft 



CH, 



(2) CH3O" + CHj-CH-L 



CH3O-CHCH 



+ L 



(L = X, OSO,R, or OS0 2 OR) 



(b) Both methods involve S N 2 reactions. Therefore, method (1) is better because substi- 
tution takes place at an unhindered methyl carbon atom. In method (2) where substitution 
must take place at a relatively hindered secondary carbon atom, the reaction would be ac- 
companied by considerable elimination. 

1 1.20 Reaction of the alcohol with K and then of the resulting salt with C : H 5 Br does not break 
bonds to the stereocenter, and these reactions therefore occur with retention of configu- 
ration at the stereocenter. 

Reaction of the tosylate, C 6 H 3 CH,CHCH„ with C,H 3 OH in K 2 C0 3 solution, however, 

OTs 
is an S N 2 reaction that takes place at the stereocenter and thus it occurs with inversion at 
the stereocenter. 



11.21 



CH,- 
Cl— CH, 



-CH, 
I 
CH 2 

OH 



OH" 



"1 
CI— CH, 



CH, 
:0:" 



+ H,0 



CH— CH, 

I ■ I 
CH, CH, + CI 



: 
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11.22 (a) HO" + HOCH,-CH,-Cl Z£^ H,0 + -0-CH,-CH,^Cl 




H,C-CH, +Cl" 



(b) The —6: group must displace the CI" from the backside, 



OH 




OH' 

H ^ > 




O - 

H ** -< epoxide 



CI 



CI 



rra/is-2-Chlorocyclohexanol 

Backside attack is not possible with the cis isomer (below); therefore, it does not 
form an epoxide. 

H 

OH 




H 



CI 



m-2-ChlorocyclohexanoI 



CH 



CH, 



11.23 (a) CHf 



i -^ 



CH, 



CH 3 CH 3 

I + JzCf^ CH A 5 R _JI+ CH-C-OR 

i L. I ! 



CH, 



CH, H 



CH, 



(b) The ien-buty\ group is easily removed because, in acid, it is easily converted to a rel- 
atively stable, tertiary carbocation. 



CH, 



CH, 



CHt 



(c) CH3-C-O-R -^ CH 3 -C-^)-R — * CH 3 -C + * HOR 
CH, CH 3 H 



1 
CH, 



CH 



CH, 



CH,-J-OH < Jf - CH 3 -i-OH, + < 



H,0 



I 
CH, 



CH3 



CH, 
^ CH^C 



CH, 



H ^—^ « J* 

11.24 (a) CH 3 Q-cl, CH + HI ■ > I" + CH 3 — S-C.,,,^ 

ru ra H CHXI 



CHXH 



CH,CH 3 



ICH3 + HO-C^ 1||CH 

CH,CH 3 
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S N 2 attack of I" occurs at the methyl carbon atom because it is less hindered; 
therefore, the bond between the .sec-butyl group and the oxygen is not broken. 

(b) CH 3 -0-C(CH 3 ), + HI > CH r 6-C(CH 3 ) 3 + [' 

H 



CH, 



C'K\OH +- CH 3 -C + -L-* CH,~C 



CH, 



CH, CH, 



In this reaction the much more stable rerr-butyl cation is produced. It then combines 
with F to form fm-butyl iodide. 



11.25 



H 
I 
+0— CH 

(a) H,C— CH, > H,C— CH, 3 ~" > CH,— CH, 

\J ' V " I 

?+ OH 



— -*- HOCH,CH,OCH 3 
A Methyl Cellosolve 

(b) An analogous reaction yields ethyl cellosolve, H0CH 2 CH,0CH : CH 3 . 

/— \ I 



(c) H,C— CH, — — >■ CH,CH 2 2 > HOCH,CH,I + OH" 

O If 



NH, + 



:NH, 



(d) H,C— CH, **- CH 2 CH, 

V 0- 



-►- HOCH,CH,NH, 



OCH, 



CH,0" 



(e) HX-CH, 3 - >■ CH,CH, 



CH 3 OH 



\/ 
O 




1 

o~ 



*- HOCH,CH,OCH, + CH,0" 



he reaction is an S N 2 reaction, and thus nucleophilic attack takes place much more 
rapidly at the primary carbon atom than at the more hindered secondary carbon atom. 



CH 3 ^ -^ CH 3 



CH 3 C. 
CH 3 



CH 3 C-X Hj + CH3 o- -^> CH 3 CCH 2 OCH 3 ™f 
OH V 



CHi« * CH 3 ^ CH.CCHpH ^ 




'j 1 - 



CH 3 

3CCH, 

OCH, 
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11.27 Ethoxide ion attacks the epoxide ring at the primary carbon because it is less hindered, 
and the following reactions take place. 

Cl-^-CH-4l£~^OC 2 H 5 — "> Cl^CH r CH-CH 2 OC 2 H 5 
\0 " ^- 0" 

> H 2 C— CH-CH 2 OCjH 5 



V 



11.28 




H 



H 



$» + H 3 + 


<=^ 


M* <(_ 


J OH 





H 
OH 



H 2 + 



OH 



'"H 



11.29 



Na + CN~ 
+ 



R 4 N + C1"J 



Na + Cf 
+ 

UXcn ' 
Al 



Aqueous 
phase 



R 4 N + C1 * 

+ 

CH 3 (CH 2 ) 7 CN 

11.30 (a) (^0^ 
Q O. 



RXCN " Organic 

phase 
(decane) 



CH 3 (CH 2 ) 7 C1 



(b> r \ 

O 



~o or 



15-Crown-5 

11.31 (a) 3,3-Dimethyl-l-butanol 

(b) 4-Penten-2-ol 

(c) 2-Methyl-I,4-butanediol 

(d) 2-Phenylethanol 

(e) l-Methyl-2-cyclopenten-l-ol 

(f) cfj-3-Methylcyclohexanol 



I2-Crown-4 



11.32 (a) C=C^ 

H H 



(c) 




H HO/ 



(b) 



(d) 
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HOCH 2 CH 2 0H 

C. 

/ ""H 



HOCH, 



OH 



OH H 



(e) CHjCHjC =CCHCH 2 OH 
CI 



(f) HjC CH 2 

h,c n ln 2 





(g) CH 3 CHCH a CH 2 CH 3 (h) CH 3 CH -CH-/Q) 







CH2CH3 



CH 3 CH 3 



(i) CH,CH -O-CHCH, 



(i) ^^ 
11.33 (a) CH 3 CH 2 CH=CH, 



THF:BH 3 



(hydroboratlon) 



(j) CH 3 CH— 0-CH,CH 2 OH 
>- (CH 3 CH 2 CH 2 CH,) 3 B 



H 2°2 /OH > C H,CH,CH,CH,OH 
(oxidation) * 

(b) CH 3 CH 2 CH,CH,CI ^f- CH 3 CH,CH 2 CH 2 OH 

(c) CH 3 CH 2 CHCH 3 ^g^gg > C 'H 3 CH 2 CH = CH 2 

CI 

TTTDj- OH" 

ROQR > CH 3 CH 2 CH 2 CH 2 Br > CH 3 CH 2 CH,CH,OH 

H 

(d) CH 3 CH 2 C=CH ' > CH 3 CH 2 CH=CH 2 



Ni,B (P-2) 



[as in (a)] 



> CH 3 CH 2 CH 2 CH 2 OH 
11.34 (a) 3 CH 3 CH 1 CHCH 3 + PBr 3 > 3 CH 3 CH 2 CHCH 3 + H 3 P0 3 



OH 



Br 



PBr, 



rD!, (CH,),COK 

(b) C^CHjCEjCHjOH 3 ~> ^CHjCHjCHjBr (CH } C0 H > 



CH 3 CH,CH=CH 



H~Rr 
i n Tw* CHiCH 7 CHCH-, 

(no peroxides) I 

Br 
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(c) See (b) above. 



H, HBr 

(d) CH 3 CH 2 C=CH NiaB (p , 2) > CH 3 CH 2 CH=CH 2 (no peroxides) » 



CH 3 CH 2 CHCH 3 



Br 



11.35 (a) 



(b) 




OH 



+ SOC1, 



-> I I + so 2 + 



HC1 



+ HC1 




CI 



«0 



(d) 



(e) 





CH, 



CH, 



HBr 



(no peroxides) 



(l)THFiBH, 
(2) H,0,,OH" 





r 
CH, 



••"CH 
iiH 
OH 



3 + enantiomer 




Br 



CH 3 t-BuOK 
f-BuOH 




.CH, 



(1)THF:BH 3 
(2) H,0„ OH" 




CH,OH 



11.36 (a) CH 3 CH 2 CH 2 CH 2 ONa Sodium butoxide 

(b) CH 3 CH 2 CH,CH,OCH,CH,CH 3 Butyl propyl ether 

(c) CH 3 S0 2 OCH 2 CH 2 CH 2 CH 3 Butyl mesylate 

(d) H 3 C^QV-S0 2 OCH 2 CH 2 CH,CH 3 Butyl tosylate 

(e) CH 3 OCH 2 CH 2 CH,CH 3 1-Methoxybutane 

(f) CH 3 CH,CH : CH 2 I Butyl iodide 

(g) CH 3 CH,CH 2 CH 2 C1 Butyl chloride 
(h) same as (g) 

(i) CH 3 CH 2 CH 2 CH,OCH,CH 2 CH 2 CH 3 Dibutyl ether 

(j) CH 3 CH 2 CH,CH,Br Butyl bromide 
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CH, 
(k) CH 3 CH,CH,CH,0— Si— C(CH 3 ) 3 Butyl iw-butyldimethylsilyl ether 



CH, 



(1) CH,CH,CH,CH,OH 



1-Butanol 



CH 3 
11.37 (a) CH 3 CH,CHONa 

CH, 



Sodium .rec-butoxide 



(b) CH 3 CH,CHOCH 2 CH 2 CH 3 sec-Butyl propyl ether 

CH 3 
I 3 

(c) CH 3 S0 2 OCHCH 2 CH 3 sec-Butyl mesylate 

(d) H 3 C-/QV-S0 2 OCHCH,CH 3 sec-Butyl tosylate 

CH, 



M 


CH 3 OCHCH 2 CH 3 


2-Methoxybutane 


(f) 


CHjCHCH^CHj 
I 


.rec-Butyl iodide 


(8) 


CH 3 CHCH,CH, 

3 I " 3 
CI 


jec-Butyl chloride 


(h) 


same as (g) 


. 


(i) 


H 3 C v fl 

/ \ 
H CH 3 


mainly, rran.j-2-Butene 


(i) 


CH 3 CHCHjCH 3 
Br 


.sec-Butyl bromide 



CH 3 
00 CH 3 CH 2 CHO— Si— C(CH 3 ) 3 sec-Butyl ferr-butyldimethylsilyl ether 
CH 3 CH 3 

(1) CH 3 CH,CHCH, 2-Butanol 

I 

OH 



11.38 (a) CH 3 Br + CH 3 CH,Br (c) Br-CH,CH 2 CH,CH 2 -Br 

CH, 

(b) CH 3 C-Br + CH 3 CH 2 Br (d) Br-CH 2 CH 2 — Br (2 molar equivalents) 
CH, 
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11.39 H,CCHj 







CH, 




+ H,0 



CH, 



3° Carbocation 
is more stable 



CH3 r -. A ~ CH 3 

CH, fr- I + HA 




CH, 



CH, 



H.40 (a) CH 3 -C-CH=CH 2 + THF'BH 3 > (cE-h-CE-CilAjB 

CH 3 V CH 3 / 

CH, 

CH 3 
(b) CH 3 CH 2 CH,CH 2 CH=CH 2 | kcxoh,H,0 > CH 3 CH 2 CH 2 CH 2 CH 2 CH 2 OH 



11.41 (a) 



CH= ch - fifS^ O cwoh 

f^V™ 3 (DTHPBH, f>Qe + enantiomer 

\ // m HO. OR. H,0 \ / ^-"3 



/>— V^OH 



(c) 



(d) \ f (2) HO,, OH. HO ,__ u< ... 

H 

H H 




(b) / S ^s_^4^ (c) 



CH, 



^-^"^/CH, " ' \/CH 3 

D D 



11.42 (a) CH 3 CHCH 3 - B *\ > CH 3 C 



heat, hv 



CH, 



CH, 



CH, 

,CCI 
1 1 
Br 



Br 

CH, 



1 3 CH,CH,ONa . I 3 

m CH 3 CCH 3 C h 3 ot 2 oh > CH 3 C=CH, 



HBr 



CH, 



(c) CH 3 C=CH 2 peroxides > CH 3 CHCH 2 Br 
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(d) CH 3 CHCH 2 Br ace t f one > CH 3 CHCH 2 I 



CH 3 
(e) CH,CHCH,Br 



OH" 



S H < 



or Ci .y 

4 



H,0 



>- CH,CHCH,OH 



CH, 



n:,0=CH, (1)(BH3)2 ___> CH 3 CHCH,OH , 



CH 



(f) CH,C=CH, 



(2) H,0,,OH 
HjO*. HjO 



CH 



CH 3 
(g) CH 3 CHCH 2 Br 



CH, 



> CH,CCH, 
neat 3 1 3 

OH 

CH 3 

ph nw CH 3 CHCH 2 OCH 3 



:13V. 





CH, 



O 
(h) CH 3 CHCH 2 Br CH 3 ( ^ )Na > CH 3 CHCH 2 OCCH 3 

CH3COH 

CH 3 CH 3 

(i) CHjCHCHjBr NaCN > CH 3 CHCH 2 CN 



CH, CH, 

I CH SNa I 

(j) CH 3 CHCH 2 Br i ► CH 3 CHCHjSCH 3 



CH, 



CH, 



(k) CH 3 C— CH 2 peroxides 



CH 3 
— * CH 3 CHCH 2 SCH 3 

CH 3 
> CH 3 CCH,CBr 3 



peroxides 



Br 



11.43 (a) 




+ HC-OOH 




-S^> 




Cl 

+ enaritiomer 
"OH 



(b) The trans product because the Cl" attacks anti to the epoxide and an inversion of 
configuration occurs. 

P 



11 V H HC1 



> 



H 



iCls 



OH H 

+ enantiomer 
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CH 3 
NaNH, CH,CH(CH,) 4 Br 
11-44 HC^CH ^g* HC^CNa — 

CH, 



CH 3 
> CH 3 CH(CH,j 4 C=sCH 
A (C,H I6 ) 

CH, 



■^|> CH 3 CH(CH,) 4 C S CNa S^g» CH 3 CH(CH 2 ) 4 C=C(CH 2 ) 9 CH 3 
hq. NH 3 , r (r u ^ 

B (C 9 H 15 Na) c ^i9 H 36> 



H, 



Ni,B (P-2) 



CH, 
CH 3 CH(CH 2 ) 4 



CH 3 CH(CH 2 ) 4 (CH,) 9 CH 3 

H X H D (C 19 H 38 ) 



(CH 2 ) 9 CH 3 



C 6 H 5 C0 3 H 



C — C 
if V I E (C l9 H 38 0) 



CH 3 
11.45 (a) CH 3 C=CH, 



CH 3 



_(1)THF:BH 3 > CH J HCH 



(2) H,0„ OH" 



CH, 



CH, 



i - (1)THPBH 3 . „ TI i TT _„_ 

( b) ch 3 c=ch 2 ; 2 ; ch^o Tt^ CH 3 CHCH 2 T 



CH 3 
(c) CH 3 C=CH 2 



THF: BD, 



CH 



CH,C-CH-B 



3 / CH 3 CO,T 



CH, 



D 



\ 



■*► CH,CCH,T 



CH 3 CH 3 



I 3 Na I 3 CH,CH,Br w 

f| (d) CHjCHCH 2 OH -^*- CH 3 CHCH 2 ONa — ' — —> 

CH, 



CH 3 CHCH,-0-CH,CH 3 



11.46 (a) CH 3 CH 2 CH 2 CH=CH 2 Hg(OAc) ^> CH 3 CH 2 CH 2 CHCH 2 HgOAc 



OH 



NaBH 4 
OH" 



->- CH 3 CH 2 CH,CHCH 3 
OH 



Q>) 



f\ CH=CH (irHgcoAc), rA 



CH, 



(c) 



CH 3 CH=CCH,CH 3 — 



(1) Hg(OAc) 2 



CH, 



; ::K: !: -'OH > CH 3 CH 2 (|;CH 2 CH 3 
OH 



,d, 



(1) H»(OAc), 
CHCH 3 (2)NaBHVOH > 



ni.47 (a) A -. 



.11CH. 

OH 
„.iCH, 



+ enantiomer B 



CH,CH 3 

OH 

„niCH 3 



+ enantiomer 



^■OTs 



+ enantiomer 



OH 

(b) Diastereomers 



(c) 



■ 1 CH 3 

D = +■ enantiomer 
I 



(d) E = H 3 C 




CsCH 



(e) H = CH 3 CH 2 -C^, IIH 

ONa 

/CH 3 

(f) K= CHjCH-C,,,,, 

OMs 



(g) Enantiomers 



J= CH3CH-C. 



CH, 
/ 3 



""H 
"OCH, 



CH 
/ 



L- CH 3 CH 2 On,,^^ 
H 



3J: 



182 ALCOHOLS AND ETHERS 






ALCOHOLS AND ETHERS 183 



HI. 48 The reactions proceed through the formation of bromonium ions identical to those formed 
in the bromination of trans- and m-2-butene (see Section 8.7 A). 



Br 

\ 

H"7 C 
H 3 C 



•urn 



OH 



HBr 



H 3 C 



J \ „,ill CH 3 

Br 



Br' 



f H 3 

~<H 



-H 2 Q. 



H'"y 
H 3 C 



Br 
\ 

H 3 C 



& 



jB, 



Br 



£H 3 

Br 



(Attack at the other carbon 
atom of the bromonium ion 
gives the same product.) 



me.so-2,3-Dibroniobiitaiie 




achirai - 



pseudoasymmetric 



HO/ 


\ 


X V 


S K 


H 


^ s 




OH 
B 


OH 


7/ 


\ 


\? 


*JS 


OH 


J)* 


HO 

ric — J 


H 
D 


OH 



HI. 49 



Br 
\, 



«CH, 



H 3 C 



OH 



H ^A.,.^ 

\ > CH 3 
(b) 



H,C7 € 



H&\ 



Br" 

H""> C 
H 3 C 



H 



mCH, 



-H,O w 



c\ 



Ott, 



(a) H 3 C_ Br 



"> i& / 



a/ 



*CH, 



H 



(b) 



> H : 



Br M 



\ 



Br 



(±)-2,3-Dibromobutane 



„(CH 2 )_ 


SOC1, / 




-so 2 , 


^(CH 2 V 


R H ) 




R H 


H OH 


H (a- s «s) 


H C 






,f 



QUIZ 



.'■;•. 



A and B are enantiomers 

A, C, and D are all diastereomers 

B, C, and D are all diastereomers 
C is meso 

D is meso 



11.1 Which set of reagents would effect the conversion 
-CH. 




l i 



oC 



(a) BH 3 :THF, then H 2 0,/OH~ (b) H 2 0/Hg(OAc") 2 , THF, then NaBH/OH" 
(c) HjO" 1 ", H 2 0, heat (d) More than one of these (e) None of these 

11.2 Which of the reagents in item 11. 1 would effect the conversion, 



CH,' 




+ enantiomer 
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11.3 



The following compounds have identical molecular weights. Which would have the low- 
est boiling point? 

(a) 1-Butanol 

(b) 2-Butanol 

(c) 2-Methyl- 1 -propanol 

(d) 1,1-Dimethylethanol 

(e) 1-Methoxypropane 



12 



ALCOHOLS FROM CARBONYL 
COMPOUNDS: 

OXIDATION-REDUCTION AND 
ORGANOMETALLIC COMPOUNDS 



11.4 Complete the following synthesis: 



(1) O 
/ \ 
H,C— CH, 




SOLUTIONS TO PROBLEMS 



H 
I 



CH,CH,ONa 
(-CH,SO,ONa) 



12.1 (a) H-C-O-H 

I 
H 



I 
H-C-O-H 



3 H = -3 
1 O =+1. 





II 

H-C-H 



Total 


= -2 


1 H 


= -1 


3 O 


= +3 


Total 


= +2 


2 H 


= -2 


2 


= +2 



oxidation state of C 



oxidation state of C 



Total = = oxidation state of C 



(b) CH 4 

-4 



CH 3 OH 
-2 



O 

H-C-H 





O 
H-C-O-H 
+2 



(c) A change from — 2 to 

(d) An oxidation, since the oxidation state increases 

(e) A reduction from +6 to +3 



12.2 (a) 



H H 
H-C-C-OH 




H O 
H 



C0 2 
+4 



3 H 
1 C 



-3 




Total = 



Total : 



Total = -1 



1 H = -1 

1 C = 

2 O =+2 
Total = + 1 
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& 
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12.3 



(b) Only the carbon atom of the - CH 2 OH group of ethanol undergoes a change in ox- 
idation state. The oxidation state of the carbon atom in the CH 3 - group remains un- 
changed. 



EXAMPLE 1 



(c) 



H O 
I n 
H-C-C- 

-| 



OH 



3 H = -3 
1 C = 
Total = -3 



1 C = 
3 O =+3 
Total = +3 



The oxygen-bearing carbon atom increases its ox- 
idation state from +1 (in acetaldehyde) to +3 (in 
acetic acid). 



(a) If we consider the hydrogenation of ethene as an example, we find that the oxidation 
state of carbon decreases. Thus, because the reaction involves the addition of hydrogen, 
it is both an addition reaction and a reduction. 



H H 

I f 

H-C=C-H 



+ H, 



N 



H H 

H-C-C-H 



H = 

C = 



. I 
H H 

H 

C 



-3 




Total = -2 



Total = -3 



(b) The hydrogenation of acetaldehyde is not only an addition reaction, but it is also a 
reduction because the carbon atom of the C=0 group goes from a + 1 to a - 1 oxidation 
state. The reverse reaction (the dehydrogenation of ethanol) is not only an elimination re- 
action, but also an oxidation. 



Ion-Electron Half-Reaction Method for Balancing Organic 
Oxidation-Reduction Equations 

Only two simple rules are needed: 

Rule 1 Electrons (e~) together with protons (H + ) are arbitrarily considered the reducing agents 
in the half-reaction for the reduction of the oxidizing agent. Ion charges are balanced by 
adding electrons to the left-hand side. (If the reaction is run in neutral or basic solution, 
add an equal number of OH - ions to both sides of the balanced half-reaction to neutral- 
ize the H + , and show the resulting H + + OH" as H 2 0.) 

Rule 2 Water (H-,0) is arbitrarily taken as the formal source of oxygen for the oxidation of the 
organic compound, producing product, protons, and electrons on the right-hand side. 
(Again, use OH - to neutralize H + in the balanced half-reaction in neutral or basic media.) 



EXAMPLE 2 



Write a balanced equation for the oxidation of RCH-.OH to RC0 2 H by Cr,0 7 2_ in acid 
solution. 



Reduction half-reaction: 

Cr,0 7 -- + H + +e~ 

Balancing atoms and charges: 

Cr 2 7 : - + 14H+ + 6e~ 



-> 2Cr 3+ + 7H,0 



2Cr 3+ + 7H,0 



Oxidation half-reaction: 

RCH 2 OH + H 2 = RC0 2 H + 4H+ + 4e~ 

The least common multiple of a 6-electron uptake in the reduction step and a 4-electron 
loss in the oxidation step is 12, so we multiply the first half-reaction by 2 and the second 
by 3. and add: 

3RCH 2 OH + 3H,0 + 2Cr 2 7 2 " + 28H+ = 3RC0 2 H + 12H+ + 4Cr 3+ + 14H 2 

Canceling common terms, we get: 

3RCH,0H + 2Cr 2 7 2 - + 16H + = 3RCO-.H + 4Cr 3+ + 11H 2 

This shows that the oxidation of 3 mol of a primary alcohol to a carboxylic acid requires 
2 mol of dichromate. 



Write a balanced equation for the oxidation of styrene to benzoate ion and carbonate ion 
by Mn0 4 _ in alkaline solution. 

Reduction: 

Mn0 4 " + 4H + + 3e~ 



MnO, + 2H-,0 (in acid) 



Since this reaction is carried out in basic solution, we must add 4 OH - to neutralize the 
4H + on the left side, and, of course, 4 OH" to the right side to maintain a balanced equa- 
tion, i 

Mn0 4 - + 4H+ + 4 0H- + 3e" = MnO, + 2H 2 + 4 0H- 

or. R«* 8l -*ffl 2 P*S« t -='MtaSa-#^QH - 
Oxidation: 

ArCH=CH 2 + 5H,0 = ArC0 2 " + C0 3 2 - + 13H + + 10e" 

We add 13 OH" to each side to neutralize the H + on the right side, 

ArCH=CH, + 5H,0 + 13 OH" =ArC0 2 " + C0 3 2 " + 13H-.0+ 10e" 
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The least common multiple is 30, so we multiply the reduction half-reaction by 10 and 
the oxidation half-reaction by 3 and add: 

3ArCH=CH, + 39 OH' + 10MnO 4 - + 20H,O = 3ArC0 2 " + 3CO, 2 " + 

24H 2 + lOMnO, + 40 OH _ 

Canceling: 

3ArCH=CH, + l0MnO 4 " = 3ArCO,- +,3C0 3 : - + 4H 2 + lOMnO, + OH~ 



SAMPLE PROBLEMS 

Using the ion-electron half-reaction method, write balanced equations for the following 
oxidation reactions. 

(hai) 



(a) Cyclohexene + Mn0 4 " + H + 



H0 2 C(CH,) 4 C0 2 H + Mn-* + H,0 



(b) Cyclopentene + Mn0 4 " + H 2 c ° ' ► m-l,2-cyclopentanediol + Mn0 2 + OH" 

(c) Cyclopentanol + HNO, -^-> HO,C(CH 2 ) 3 CO,H + N0 2 + H : 

(d) 1 ,2,3-CyclohexanetrioI + HI0 4 *** OCH(CH,),CHO + HC0 2 H + HTO, 



SOLUTIONS TO SAMPLE PROBLEMS 

(a) Reduction: 

Mn0 4 " + 8H + + 5e 

Oxidation: 



Mn 2+ + 4 H,0 






H 



r^^CO^H 



H 

The least common multiple is 40: 

8 Mn0 4 ' + 64 H + + 40 e = 8 Mn 2+ + 32 H 2 

5 QC +20H2 ° =5 CSh + 40t ^ + **" 



Adding and canceling: 

•o: 



+ 8 Mn0 4 + 24 H + = 3 I .C0 2 H 



'■: 
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(b) Reduction: 

MnO " + 2 H,0 + 3 e = MnO, + 4 OH 



Oxidation: 



2 OH 



<x: • ..- 



OH 



The least common multiple is 6 
2Mn0 4 " + 4H,0 + 6e 



2 MnO, *■ 8 OH 
OH 
+ 6 OH = 3 < I + 6e 



OH 



Adding and cancelling: 

3 






OH 



+ 2 Mn0 4 ' + 4 H,0 = 3 { i +2 MnO, + 2 OH 
^^OH 



(c) Reduction: 



HN0 3 + H + + e 



NO, + H,0 



Oxidation: 



OH 



C0 2 H 
0,H 



!H + + 



The least common multiple is 8 : 

8 HNO3 + 8 H + + 8 e = 8 NO, +8 H,0 
OH 



CCO,H 
co ;h + sh+ + ^ 



Adding and cancelling: 

+ 8 HNO, 



(d) Reduction: 

HI0 4 + 2H + + 2e 



CO,H 
; H ♦ 8N0 2 + 5H 2 



HIO3 + HjO 



ii 



I 
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Oxidation: 
HO X H OH 




OH 



+ H,0 = 



H 



The least common multiple is 4: 
2HI0 4 + 4H + + 4e" 

„OH 

H 

Adding and cancelling: 
HO. 



■CHO o 

+ HC-OH + 4If + 4e' 
CHO 



2 mo 3 + 2 H 2 



/—CHO o 
P = \ + HC-OH + 4H + +4/ 

V — CHO 



"Si 



,^-CHO p 

+ 2Hr °4 = ( + HC-OH + 2 mo, + H,0 

^-CHO 



12.4 (a) LiAlH 4 

(b) LiAlH + 

(c) NaBH, 




12.5 (a) (( J NH + Cr0 3 Cr(PCC)/CH,Cl 2 



(b) KMn0 4 , OH," H,0 : heat; then H 3 4 

(c) H,C'r0 4 /acetone 

(d) (I) 3 (2) Zn. HOAc 



5~ (V 
12.6 (a) C 6 H 5 :Li 

Stronger 
base 

5" f¥~ 



■ Q* 
+ H-OH 

Stronger 
acid 



C\ 



(b) C 6 H 5 :Li + H-OEt 



Stronger 
base 



Stronger 
acid 



C 6 H 6 


+ 


LiOH 


Weaker 




Weaker 


acid 




base 


C 6 H 6 


+ 


LiOEt 


Weaker 




Weaker 


acid 




base 



V 
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12.7 



12.8 



<^)-MgB 



6"/S + x ex 

Br -2=°5> 



0" D 




-^O-MgBr 



-MgBrCl , 



-O-MgBr -^°V 



OH 




12.9 (a) (1) CH 3 CCH 2 CH 3 + CH 3 MgI (1)ether + > CH,CCH CH 

3 a (2)NH 4 + v -n3y l -"2 l ' H 3 



CH, 



O 



(2) CH 3 CCH 3 + CH 3 CH 2 MgBr |gg > CH 3 ^CH 2 CH : 



OH 
if 

CH, 



O 



OH 



(3) CH 3 CH 2 COCH,CH, + 2 CH 3 MgI ^ rther » C H,CCH 
- i a <i\ mu + ^n 3 v<~n 



(2)NH 4 + ~ ***'* 3^"2 CH 3 
CH, 



OH 

(b) (1) CH 3 CH 2 CCH 2 CH 3 + CH 3 MgI gg^ CH,CH 2 CCH 2 CH 



I 0H 

(2) CH 3 CH 2 CCH, + CH 3 CH 2 MgBr -g^~^ CH 3 CH 2 CCH 2 CH 3 

CH 3 

? 0H 

(3) CH 3 COCH 3 + 2CH 3 CH 2 MgBr gg^» CH 3 CH 2 CCH 2 CH 3 



(2) NH 4 + 



CH, 
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O OH 

(c) (1)CH 3 CH + BrMgCHCH 2 CH 3 %-*3 " CH 3 CHCHCH 2 CH 3 . 



CH, 

CH 3 




CH, 
CH, 



OH 

(2) CH 3 MgI * HCCHCH 2 CH 3 g|^> CH 3 CHCHCH 2 CH 3 
CH, J ' CH, 

CH, CH, 



Ltlj 



OH 



(d) (1). (OV^CHj + CH 3 CH 2 CH,MgBr ; > <QW.'CH 2 CH 2 CH 3 

V=^ 4 — CH 3 

OH 



(2) <^CH 2 CH 2 CH 3 + CH 3 MgI |g^> Qk^CH.CH 



(2)NH 4 + 
(1) ether 



OH 
I 



(3) CH 3 CCH 2 CH,CH 3 + C 6 H 5 MgBr - g^ > <JQJm:CH,CH 2 CH 

CH, 



(e) (l)C 6 H 5 COEt + 2C 6 H 5 MgBr ' ^ > (C 6 H 5 ) 3 COH 



CAftA + C 6 H 5 MgBr 4^^ (C s H 5 ) 3 COH 



(2) C 6 H 5 CC 6 H 5 + L„H,- 



(2) NH 4 



(2)NH 4 



12.10 (a) CH 3 CH 2 CH 2 OH -^* CH 3 CH 2 CH -^f^> CH 3 CH 2 CHC 6 H 5 



CH 2 C1; 



,c ! 



C fi H s MgBr , 



I <- 6 H s : 



OMgBr 



OH 
-|g> CH 3 CH,CHC 6 H 3 



(b) C 6 H 5 MgBr 



PCC 



O 



(1)HCH ' eth % C 6 H 5 CH,OH i~> C> 



H,CH 



^ 



(c) CH 3 CH 2 COCH 3 *£*-> C 6 H 5 CCH 2 CH 3 -^4- 

[from part (a)] C 6 H 5 ''" C,,W 



> C 6 H 5 CCH,CH 3 

6 H 5 



O OMgBr 

(d) CH 3 CHCH 2 OH -^§> CH 3 CHCH -%~* CH 3 CHCHC 6 H 5 
CH 3 CH 3 CH 3 

0H 
-g^> CH 3 CHCHC a H 5 

CH 3 
12.11 (a) (CH 3 ),CHCH,OH + (CH 3 ),C=CH, 

(b) (CH 3 ),CHCH 2 CN (c) (CH 3 ),C=CH, 

(d) CH 3 CHCH 2 OCH 3 + (CH 3 ),C=CH 2 



OH 
(f) (CH 3 ),CHCH,CHCH 3 



CH 3 

OH 
(e) (CH 3 ) 2 CHCH 2 -C-CH 3 
CH 3 
OH 
(g) (CH 3 ),CHCH,CCH 2 CH(CH 3 ), (h) (CH 3 ) 2 CHCH 2 CH 2 CH,OH 

CH, 

(i) (CH 3 ),CHCH 2 CH 2 OH (j) (CH 3 ),CHCH 3 

(k) (CH 3 ) 2 CHCH 3 + CH 3 C=CLi 



OH 
(c) C 6 H 3 CHCH 2 CH 3 



12.12 (a) CH 3 CH 3 (b) CH 3 CH 2 D 

OH OH OH 

(d) C.H-C-C^s (e) C 6 H-(J'-CH,CH 3 (f) QH-cf-CHjCH, 

CH,CH 3 CH,CH 3 CH 3 

OH 
(g) CH 3 CH 3 + CH 3 CH,CsC--CHCH 3 



* fV* 



(h) CH 3 CH 3 + | VMgBr 
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OH 

i 



12.13 (a) (CH 3 ) 2 CHCHCH 2 CH 2 CH 3 



OH 

(b) (CH 3 ) 2 CHCCH 2 CH 2 CH 3 



CH, 



OH 



(c) CHjCHjCH, + CH 3 CH 2 CH 2 C sC-t-CH, (d) CH 3 CH 2 CH } 



(e) CH 3 CH 2 CH 2 CH 2 CH=CH 2 
CH,CH,CH, .CH, 



(g) 



H ' X H 



CH, 



(f) CH 3 CH 2 CH 



(h) CH 3 CH 2 CH 2 CH 3 



Note: This variation of the Corey-Posner, Whitesides-House synthesis is stereo- 
specific, 
(i) CH 3 CH 2 CH,D 



(d) (1) KMn0 4 , OH", heat, (2) H 3 + 

(e) PCC/CH,C1 2 



12.14 (a) LiAlH 4 

(b) NaBH 4 

(c) LiAlH 4 

12.15 (a) 3(CH 3 ) 2 CHOH + PBr 3 > (CH 3 ) 2 CHBr + H 3 P0 3 

(CH 3 ) 2 CHBr + Mg -^^> (CH 3 ) 2 CHMgBr 

OH 

(CH,) 2 CHMgBr + CH 3 CH ^^> (CH 3 ) 2 CHCHCH 3 



O 

(b) (CH 3 ),CHMgBr + HCH 
[from part (a)] 



O 
/ \ 



- (1) e ' her > - (CH,)XHCH,OH 
(2) H 3 0* 



(1) ether 



(c) (CH 3 ) 2 CHMgBr + H,C— CH 2 ggy» (CH 3 ),CHCH 2 CH 2 OH 

[from part (a)] 

SOO, 
(CH 3 ) 2 CHCH 2 CH 2 C1 < 



O 



(I) ether 



,o'h 
& 



(d) (CHj),CHMgBr + HCCH(CH 3 ) 2 g-g> (CH 3 ) 2 CHCHCH(CH 3 ) 2 
[from part (a)] 
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(e) (CH 3 ) 2 CHMgBr + D 2 > (CH 3 ) 2 CHD 

[from part (a)] 



(f) (CH 3 ) 2 CHBr + Li > (CH 3 ) 2 CHLi 

[from part (a)] 



(CH,) 2 CH 



Cul, 



[(CH,),CH],CuLi 



o 



s-rs 5 



<?s. 



12.16 (a) CH 3 :Li + H-C=C-CH 2 CH 



tQ. 



(b) i I + Li:C=CCH,CH 3 



H H 

HO. ,C=C / 

CH,CH, 

(c) 



5 + 6- 
-> CH 4 + Li:CsCCH,CH 3 



,CsCCH 2 CH 3 



NH/ 



HO C=CCH 2 CH 3 



(>> CH 2 C=C x ,0-H \ CH 3 CH 2 CeeC " Na * 



(d) 



Na:H 



CH 3 CH,-0S0 2 CH 3 . 



CH 3 CH,C=C OCH„CH, 



(e) CH 3 CH 2 CHCH 3 

"oh 



OS0 2 CH 3 



(f) CH 3 CH 2 CHCH 3 

OS0 2 CH 3 
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(g) CH 3 CH,CHCH 3 + Na + -OCCH 3 — >- CH 3 CH 2 CHCH, 
^OSO,CH 3 OCCH 3 

O 
+ Na + OS0 2 CH 3 
(h) CH 3 CH 2 CHCH 3 + CH 3 CH 2 OH 
OH 

12.17 (a) CH 3 CH 2 CH,CH,CH,OH *-*> CH 3 CH 2 CH 2 CH 2 CH 2 Br 



(b) CH 3 CH 2 CH 2 CH 2 CH 2 Br ^^ > CH 3 CH 2 CH,CH=CH 2 



[from (a)] 

(c) CH 3 CH 2 CH,CH=CH, 
[from (b)] 



(CHjhCOH 

(1) Hg(OAc),/THF-H,0 

(2) NaBH 4 /OH~ 

H,Cr0 4 



> CH 3 CH 2 CH 2 CHCH 3 
OH 



(d) CH 3 CH 2 CH 2 CHCH 3 acetone / Hi0 > CH 3 CH 2 CH 2 CCH 3 
[from (c)] OH 

(e) CH 3 CH 2 CH,CHCH 3 -^> CH 3 CH,CH 2 CHCH 3 

[from (c)] OH Br o 

M° (1) HCH 

(f) CH 3 CH 2 CH 2 CH 2 CH 2 Br -~g* CH 3 CH 2 CH 2 CH 2 CH 2 MgBr |j r& > 

[from (a)] 

CH 3 CH 2 CH 2 CH 2 CH 2 CH 2 OH 

O 

(g) CH 3 CH,CHjCH 2 CH 2 MgBr (1) H -^~ CH2 > CH 3 CH 2 CH 2 CH 2 CH 2 CH 2 CH,OH 

[from (f)] 



pcc . EL 



(h) CH 3 CH 2 CH,CH 2 CH,OH CH cl > CH 3 CH 2 CH 2 CH 2 CH 

(i) CH 3 CH 2 CH 2 CHCH 3 j^g^S* CH 3 CH 2 CH 2 CCH 3 

[from (c)] OH O 



(1) KMnO,, OH ', heat II 

(j) CH 3 CH,CH,CH 2 CH 2 OH ^ t > CH 3 CH 2 CH 2 CH 2 COH 

H SO 
(k) (1) CH 3 CH 2 CH 2 CH 2 CH 2 OH gg |» (CH 3 CH 2 CH 2 CH 2 CH 2 ) 2 

(2) CH 3 CH 2 CH 2 CH 2 CH 2 OH -^> CH 3 CH 2 CH 2 CH 2 CH,ONa 
CH,CH,CH,CH,CH,Br 



[from (a)] 



-* (CH 3 CH 2 CH 2 CH 2 CH 2 ) 2 



iv ; 
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Br, 



(1) CH 3 CH 2 CH 2 CH=CH, 7^ CH 3 CH,CH,CHCH,Br 



[from (b)] 



ccv 



3 NaNH, , 
heat 



BTV 



CH 3 CH 2 CH 2 C=CNa -^> CH 3 CH,CH 2 C=CH 



(m) CH 3 CH,CH,C=CH 
[from(f)] 



HBr v 



CH 3 CH 2 CH,C=CH, 



Br 



(n) CH 3 CH 2 CH,CH 2 CH 2 Br -H-> CH,CH,CH,CH,CH,Li 



El,0 



Cul 



[from (a)] 

(0) CH 3 CH 2 CH,CH 2 CH,Li 
[from (n)] 

CH,CH,CH,CH,CH,Br 



(CH 3 CH,CH,CH,CH,),CuLi 



[from (a)] 



► CH 3 (CH,) g CH, 



. - ru r „ ru ru „„ ., B (l)CH 3 CCH,),CCH 3 [from(d)l^ 
(p) CH 3 CH,CH,CH,CH,MgBr «?* - > 



[from (f)] 



(2) NH 4 + 



OH 
CH 3 (CH 2 ) 4 C(CH 2 ) 2 CH 3 
CH, 



12.18 Caj C 6 H 5 C=CH 



CH 3 MgBr 
ether (-CH 4 ) 



■> C fi H 5 CssCMgBr 



(1) CH3CCH3 



(2) m 4 * 

C 6 H 5 C=CC(0H)(CH 3 ), 



(b) C 6 H 5 C0CH 3 ^S* C 6 H 5 CHCH 3 

OH 



(c) C 6 H 5 C=CH NijB p, 2) > C 6 H S CH=CH, 
(l)THP BH 3v 



(d) C 6 H 5 CH-CH 2 (2)H2 o 2iOH - -6"5 



> C,H 5 CH,CH,OH 




(1) H 2 C— CH, 



(e) C 6 H 5 CH 2 CH 2 OH |gfeg» C 6 H 5 CH 2 CH 2 M g Br -~ 

C 6 H 5 CH,CH,CH,CH,OH 



(f) C 6 H 5 CH 2 CH 2 OH t|t> C 6 H 5 CH 2 CH,ONa CH,r > ■ 



C 6 H 5 CH 2 CH,OCH 3 
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12.19 (a) Partial Analysis 


CH 3 CHCC 6 H 5 = 
CH, 



OH 

CH 3 CHCHC 6 H 5 
CH, 



O 
CH 3 CHCH 



CH, 



C 6 H 5 MgBr 



Synthesis 


CH,CHCH,OH ^~> CH,CHCH 



V 2 " CHiCV 



CH 3 



OH 

„ T „ > -7777>- CH,CHCHC 6 H 5 
C 6 H 5 MgBr H 3 + 3 ^ 6 5 



Me 





II 

CH 3 CHCC 6 H 5 
CH, 



(b) Partial Analysis 

CH,CH 3 
CH 3 CH 2 CH 2 4c-j-CH 2 CH 2 CH 3 

'oh 



Synthesis 



PBr, 



2 CH 3 CH 2 CH 2 MgBr 
CHtCH-i 

+ c 

O' s OCH, 



Mg 



CH 3 CH,CH 2 OH *->■ CH 3 CH 2 CH 2 Br ~ > CH 3 CH,CH 2 MgBr 

(l)CH 3 CH 2 COCH 3> CH I 

(2)NH 4 + I 

OH 



(c) Partial Analysis 

CH 3 
CHCHCH, 



o 



OH 




MgBr 



CH 3 

+ HCCHC 



II 




HCH, 



Synthesis 



<>OH-^ 




Br ■■ £ > 
EtjO 




MgBr 



CH, 
CHjCHCH O^ 
[from (a)] 



> <^VcHCHCH 3 -^> f\* 



CH, 



\y 1 



OMgBr 



V OH 



HCHCH, 



(d) Partial Analysis 



(^y-CH^CHO =^> <O>-CH 2 CH 2 0H 



«- C 6 H 3 MgBr 


+ H,C— CH, 



Synthesis 



r ^-> 

EbO 



0-M g 



A 

; ,_ (1)H 2 C-CH 7 ^ 
(2) H 3 + 



<P^CH 2 CH 2 OH -jg|> <n^CH 2 CHO 



(e) Partial Analysis 
(CHj) 2 CHCH 2 CH,C0 2 H 




/ \ 



(CH 3 ) 2 CHCH 2 -fCH 2 CH,0H 



(CH 3 ) 2 CHCH,MgBr + H 2 C-CH, 
Synthesis > 

(CH 3 ) 2 CHCH 2 0H -^-> (CH 3 ) 2 CHCH 2 Br -||-> (CH 3 ) 2 CHCH 2 MgBr 

& 

(1)H 2 C— CH, (1) KMnQ 4 , OH~, h eat ^ 
^— (CH 3 ) 2 CHCH 2 CH 2 CH 2 OH - Rfi + > 

(CH 3 ) 2 CHCH 2 CH 2 C0 2 H 



200 ALCOHOLS FROM CARBONYL COMPOUNDS 

(f) Partial Analysis 

OH 

-CH,CH,CH 3 



I, 



V 



# + 



CH 3 CH 2 CH,MgBr 



Synthesis 
OH 



H 2 Crf) 4 , 



□ 



// 



,0 (1) CH 3 CH 2 CH,MgBr 



OH 



[from (b)] 



(2) NH 4 + 



(g) Partial Analysis 

CH 3 CH,CH 2 CCH 2 CH(CH 3 ) 2 => CH 3 CH 2 CH 2 CH fCH 2 CH(CH 3 ) 2 



OH 



CH 3 CH 2 CH 2 CH + BrMgCH 2 CH(CH 3 ) 2 



Synthesis 

(1) (CH 3 ),CHCH,MgBr 
PCC EL [from(e)] 

CH 3 CH 2 CH 2 CH 2 OH «gj^ CH 3 CH 2 CH 2 CH -^^ 

CH 3 CH 2 CH 2 CHCH 2 CH(CH 3 ) 2 H ' Ct0j > CH 3 CH,CH 2 CCH 2 CH(CH 3 ) 2 
OH 



(h) Partial Analysis 
Br 
CHjCH^CHjCHj 



CH 3 CH 2 C-fCH,CH 3 
C 6 H 3 



OH 

CH 3 CH 2 MgBr + CH 3 CH 2 CC 6 H 5 => CH 3 CH,CH-C 6 H 5 



O 
II 



CH 3 CH 2 CH * C 6 H 3 MgBr 
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Synthesis 

rHrHrHnH pcc > fw'L.JL (DQH 5 MgBr[frorn(i)]. 
CH 3 CHjCH,OH CH2Cl2 > CH 3 CH 2 CH -gj^ 



.,. 



OH O 

I H,Cr0 4 || 

CH 3 CH,CHC 6 Hj -* ► CH 3 CH,CC 6 H 5 



CH,CH,MgBr 

A 



CH,CH,OH 



(1) PBr, 



(2)Mg. Et.O 



12.20 Analysis 



Br ' OH 

CH 3 CH,CCH,CH 3 +1SL CH 3 CH 2 CCH,CH 3 
C fi H, &&, 



^••MfMt * ^>~\ 




C 6 H 5 Br + Mg CHf=CHCH 2 CH 3 



O 
+ RCOOH 



Synthesis 
CHf=CHCH 2 CH 3 



O 

li 

RCOO 



OH 



12.21 The starting compound is a cyclic ester. Addition of two molar equivalents of CH,MgI 
will (after acidification) furnish the desired product. 



O 



/ V^sO (1) 2 CH 3 MgI H 3^^ /OH 



VJ 



(2)NH/ HjC 



,OH 
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12.22 Analysis 




CH, 



> CH,— CH,— C + Na +- :C=CH 

"a 



Synthesis 







CH, 



NaNH, 



l(( ._ r; , _ _^. HCsC:"Na + ( ' )CH ^ H2CCH3 > CH-CH 2 -C-CsCH 
iX - liq.NHj ow *^*'™ (2)NH 4 + 3 2 | 



12.23 The three- and four-membered rings are strained, and so they open on reaction with 
RMzX or RLi. THF possesses an essentially unstrained ring and hence is far more resis- 
tant to attack by an organometallic compound. 



?1 



12.24 (a) RMgX + CH -0-C-O-C,H 5 



OMgX 
C 2 H s -0-C-0-C,H 5 
R 



-C,HjOM°X , 




R-(i-0-C 2 H s 



RMaX 



OMgX 
R-C-0-C 2 H 5 



i 
R 



-CjHjOMgX 




R-ii-R 



OMgX Mra , OH 

™#+ R _i_ R ^s+ R _i_ R 



o 

(b) RMgX + H-C-0-C,H 5 



H-C-R 



OMgX 
-R 



OMgX 

H-C-0-C,H, 

I 2 

R 

OH 



-CH.OMgX . 



> 12.26 



_^l^ h-C-R ^> H-C-R 



R 



I 
R 
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*12.25 



HO. 




Br 



(CH 3 ),CSi(CH 3 ) 2 Cl 
imidazole 



OH 



-SiO 




Br 



(1) Mg, Et,0 
(2)0 



(3)H 3 + 

OH 



-SiO 

I 




Bu.,N F , 



HO 




Before converting the reactant to a Grignard reagent it is first necessary to mask the al- 
cohol, such as by converting it to a /ert-butyldimethylsilyl ether. After the Grignard re- 
action is over the protecting group is removed. 

2-Phenylethanol, 1,2-dipheriylethanol, and 1,1-diphenylethanol are distinct from di- 
phenylacetic acid and benzyl phenylacetate in that they do not have carbonyl groups. 1R 
spectroscopy can be used to segregate these compounds into two groups according to 
those that do or do not exhibit carbonyl absorptions. 

'H NMR can differentiate among all of the compounds. In the case of the alco- 
hols, in the 'H NMR spectrum of 2-phenyletbanol there will be two triplets of equal in- 
tegral value, whereas for 1,2-diphenylethanol there will be a doublet and a triplet in a 
2:1 area ratio. The triplet will be downfield of the doublet. 1,1-Diphenylethanol will ex- 
hibit a singlet for the unsplit methyl hydrogens. 

The broadband proton-decoupled l? C NMR spectrum of 2-phenylethanol should 
show 6 signals (assuming no overlap), four of which are in the chemical shift region for 
aromatic carbons. 1,2-Diphenylethanol should exhibit 10 signals (assuming no overlap), 
8 of which are in the aromatic region. 1,1-Diphenylethanol should show 6 signals (as- 
suming no overlap), four of which would be in the aromatic region. The DEPT ''C NMR 
spectra would give direct evidence as to the number of attached hydrogens on each 
carbon. 

Regarding the carbonyl compounds, both diphenylacetic acid and benzyl 
phenylacetate will show carbonyl absoqjtions in the IR. but only the former will also 
have a hydroxyl absorption. The 'H NMR spectrum of diphenylacetic acid should show 
a broad absorption for the carboxylic acid hydrogen and a sharp singlet for the unsplit 
hydrogen at C2. Their integral values should be the same, and approximately one tenth 
the integral value of the signals in the aromatic region. Benzyl phenylacetate will ex- 
hibit two singlets, one for each of the unsplit CH; groups. These signals will have an 
area ratio of 1:5 with respect to the signal for the 10 aromatic hydrogens. The broad- 
band 'H decoupled '%! NMR spectrum for diphenylacetic acid should show four aro- 
matic carbon signals, whereas that for benzyl phenylacetate (assuming no overlapping 
signals) would show 10 signals in the aromatic carbon region. Aside from the carbonyl 
and aromatic carbon signals, benzyl phenylacetate would show two additional signals, 
whereas diphenylacetic acid would show only one. DEPT l3 C NMR spectra for these 
two compounds would also distinguish them directly. 
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•U n It makes it impossible to distinguish between aldehyde and ketone type sugars (aldoses 
and ketoses) that had been components of the saccharide. Also, because the R groups of 
these su°ars contain stereocenters, reduction of the ketone carbonyl will be stereo- 
selectiver-This will complicate the determination of the ratio of sugars differing in con- 
figuration at C2. 

*12.28 The IR indicates the presence of OH and absence of C=C and C=0. The MS indicates 
a molecular weiaht of 1 1.6 amu and confirms the presence of hydroxyl. The reaction data 
indicate X contains 2 protons per molecule that are acidic enough to react wall a Gng- 
nard reajent. meaning two hydroxyl groups per molecule. (This analytical procedure, 
the Zerewitinoff determination, was routinely done before the advent of NMR.) 
Thus X has a partial structure like: 

C fi H|„(OH): with one ring, or 
C 5 H 6 0(OHh with two rings, or (less likely) 
Qr^CMOH), with three rings. 



QUIZ 



12.1 Which of the following could be employed to transform ethanol into 
CH 3 CH 2 CH 2 OH? 

(a) Ethanol + HBr, then Mg/diethyl ether, then H 3 + 



(b) Ethanol + HBr, then Mg/diethyl ether, then BCH , then H 3 + 

(c) Ethanol + H 2 SO 4 /140° C 

O 

(d) Ethanol + Na, then HCH , then H 3 + 

O 

(e) Ethanol + H 2 SO 4 /180° C, then H^c'— CH 2 

12.2 The principal product(s) formed when 1 mol of methylmagnesium iodide reacts with 
1 mol of CHjCCH^HjOH . 

CH 



(a) CH 4 + CH 3 CCH 2 CH 2 OMgI 



O 



OMgl 



(b) CH 3 CCH 2 CH 2 OH 

CH 3 

(c) CH 3 CCH 2 CH 2 OCH 3 

O 



(d) CH 3 CCH 2 CHjOCH 3 

OH 

(e) None of the above 
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12.3 Supply the missing reagents. 

CUE 




"HO CSCCH, 0) 



(2) NH 4 + 



CH— C^CCHj 



■6 



< 2 >[c" 




12.4 Supply the missing reagents and intermediates. 



(CH 3)] CM g Br WH ^ H V 



(2) fl,0 + 





(I) 



CH, 



(2) H,0* 



12.5 Supply the missing starting compound. 



> CHXCH^CHOH 
CH 3 C 6 H, 




WCH ^ gBr > CH,CHCH lC -OH 
(2) NH 4 + ' | " | 

CH, CH, 



ANSWERS TO 

FIRST REVIEW PROBLEM SET 



OH 



1 (a) 



3 +H + 



206 




d? H > 



_ AT 3 ^t <r 

-H + \ / CH 3 +H 2 ' 



oCH 3 




CH, 



H 3 C 



H C 

3 2° Carbocation 



methanide 
shift 



, A™. g» 



(b) 



3 3° Carbocation 



+ Br-Br ► 




+H-* 



Br + 




Br 



then, 




Br 



CI 



) 



-a: 



.Br 
CI 



(c) The enanliomer of the product given would be formed in an equimolar amount via the 
following reaction: 



cr 



Br 



,,a 



'Br 



The trans-h 2-dibromocyclopentane would be formed as a racemic form via the reaction 
of the bromonium ion with a bromide ion: 



& 



tfr + 



/T" 



iBr 






Br 



Br 



Racemic trans-l, 2-dibromocyclopentane 



lp| '. 
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And, /ra/ij-2-bromocyclopentanol (the bromohydrin) would be formed (as a racemic form) 
via the reaction of the bromonium ion with water. 

a,MOH 2 + /^_>OH, + 




'Br 



'"Br 



„iOH 



a: *. a, 



OH 



'Br ' "- '"'Br 
Racemic /ra/w-2-bromocyclopentanol 

2 (a) CHCI 3 (b) The cis isomer (c) CH,C1 

3 This indicates that the bonds in BF3 are geometrically arranged so as to cancel each oth- 
ers' polarities in contrast to the case of NF 3 . This, together with other evidence, indi- 
cates that BFj has trigonal planar structure and NFt has trigonal pyramidal structure. 

i (a) sp 3 

(b) They are much smaller (60°) than the expected 109.5°. 

(c) That the bent bonds in cyclopropane, like compressed springs, contain stored en- 
ergy that is available to assist in reactions that open the 3-membered ring. 

5 All of these differences can be explained by the contribution to the CH,=CHCI molecule 
made by the following A and B resonance structures. 



H ~ H 

Vfi / 

H Cli 



H H 

B 



(a) Because of the contribution made to the hybrid by B, the C-Cl bond of CH,=CH-C1 
has some double-bond character and is, therefore, shorter than the "pure" single bond of 
CH 3 CH,-CI. 

(b) The contribution made to the hybrid by B imparts some single-bond character to the 
carbon-carbon double bond of CH-,=CH-CI, causing it to be longer than the "pure" double 
bondofCH : =CH,. 

(c) Electronegativity differences would cause a carbon-chlorine bond to be polarized as 
follows: 

|5 + 6" 
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And this effect accounts, almost entirely, for the dipole moment of CH 3 CH,CI. 
H = 2.05D 



5 + V 
CH 3 CH— CI 

-^ — >■ 



With CH,=CH-C1, however, the resonance contribution of B tends to oppose the polariza- 
tion of the C-Cl bond caused by electronegativity differences. That is, the resonance effect 
partially cancels the electronegativity effect; causing the dipole moment to be smaller. 

6 A = CH 3 (CH 2 ) M CH,C=CH 
B = CH,(CH ; ),|CH 2 C=CNa 
C = CH.^CH^nCH.CsCCH.tCH^ftCH, 
Muscalure = CHjtCHj^CH, CH,(CH 2 ) 6 CH 3 

c=c 
/ \ 

H H 



H,C 



H 5 C 6 



w 

J \ 



CM 



6 n 5 



CH, 



H,C CH 3 

c=c 

_/ \ 



H.C 



l r~6 



C 6 H 5 



(E)-2,3-DiphenyI-2-butene (Z)-2,3-Diphenyl-2-bulene 

Because catalytic hydrogenation is a syn addition, catalytic hydrogenation of the (Z) iso- 
mer would yield a meso compound. 



H^^CH, 



Bft- 



"CH, 



(Z) 



CH 3 
Pd A 

ha ^thb 

CH 3 
■ (by addition 
at one face) 
A meso compound 



CH, 



iw^^-C 6 H 5 



H' 



'C 6 H 5 



CH, 



(by addition at 
the other face)! 



Syn addition of hydrogen to the (£) isomer would yield a racemic form: 
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,/ CH 3 



J3b 
pa' 



H,C 



CH 3 
HjQ,^— H 

I 



H^^.C 6 H 3 



H 3 C 



(B 



_^H 

(by addition 
at one face) 



C 6 H 5 
(by addition at 
the other face) 



Enantiomers - a racemic form 

From the molecular formula of A and of its hydrogenation product B, we can conclude 
that A has two rings and a double bond. (B has two rings.) 

From the product of strong oxidation with KMn0 4 and its stereochemistry (i.e.. 
compound C). we can deduce the structure of A. 




(l)KMn0 4 ,OHVheat 



/ ( 2 ) H J 0+ 



HO,C. 



CO,H 
CO,H 



Compound B is bicyclo[2.2.1]heptane and C is a glycol. 






KMnOj, OH" 
U cold, dilute 




C H 



Notice that C is also a meso compound. 



/\.CO,H 






meso- 1,3-Cyclopcntane- 
dicarboxyllc acid 



: 
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9 (a) CBfimeSi ^^> CH 3 C^CNa ^> CH 3 C=CCH 3 



liq. NHj 

(b) CH 3 C=CCH 3 Ni2B H ( 2 p. 2) > 
[from (a)] 

Li "^ f 

(c) CH 3 C=CCH 3 -^> C=C y 

H CH, 



c=c 

H 7 V 



[from (a)] 
(d) CH 3 C=CH 



H * > CH,CH=CH, -~> BrCH 3 CH=CH 2 



Ni,B(P-2) 



light 

25° 



u 



or 



CH , C ^ CH Ji»> eapmOOk 



CH 3 I ~~>" CH 3 Li -^-> (CH 3 ) 2 CuLi 



CH 3 CH 2 CH=CH 2 
->.CH 3 CH=CHCHj 



H, 



*' " <2)CH 3 Br ' '"'^ " '* 3 Ni,B(P-2) 

or(l)Na, liq. NH 3 
(2) NH 4 Cl 

rerf-BuOK 
CH 3 CH 2 CH=CH 2 * fertBuQH[ 

heat 



HBr 



CH 3 CH 2 CHCH 3 

Br 



CH 3 CHCH 2 =CHj "j 
(e) CH 3 CH 2 CH=CH 2 -^> + B r UM* 



[from (d)] 



, „) 3 COK 
[ (CH 3 ) 3 COH 



CH 3 CH=CHCH 2 BrJ 



CH^=CH-CH=CH, 



y 



HBr 



(0 CH 3 CH 2 CH=CH 2 ROQR > CH 3 CH 2 CH 2 CH 2 Br 
[from (d)] 

FIBr 



(g) CII 3 CH=CHCH 3 n ;jf ,,, 
[from (b) or (c)] 



7—^- CH,CH,CHCH 3 
ides I 

Br 



or 

ch 3 ch 2 ch=c:h 

[from (d)] 



HBr ., > CH,CH,CHCH 3 
2 no peroxides I 

Br 
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-' 



(h) 



H 3 C N 



a 



/ \ 

H CH 3 

[from (c)] 



CCL 
(anti addition) 



GH 3 
Br^^H 

Br^i^H 
CH 3 

(2i?, 3S) 
A meso compound 

CH 3 



(cf. Section 8.7) 



CH, 



(i) 



H 3 C CH 3 

c=c 

/ \ 

H H 

[from (b)] 



Br, 



Bn^i^H Hk^^Br 



CCL 
(anti addition) 



r Br^i"*H 



CH 3 CH 3 

(2R, 3R) (25, 35) 

A racemic form 



H,C. CH, 



(J) 



/ V, 



=d 



H H 

[from (b)] 



H 3 Q 



H 



w 

/ \ 

H CH 3 

[from (c)] 

(k) CH 3 C=CCH 3 



(DOsQ, 
(2) NaHS0 3 
(syn addition) 



O 
(l)RCOOH 
(2)H 3 0*, heal 
(anti addition) 



CH 3 

J 
H»H"^OH 

CH 3 

CH 3 
H<^OH 

J 



(cf. Section 8.10) 



(cf. Section 11.19) 



HBr.Br" 
CHjCO,H 



H 3 C X Br 

H CH, 



(cf. Section 8.13) 



10 CH 3 CHCH 2 CH 3 
CH, 



Br 

I 



Br, 



Br 



Jiv.heat 



4 

CH, 



CH 3 CCH 2 CH 3 



(cf. Section 10.6) 



CH,CH,ONa^ 



(a) CH 3 CCH 2 CH 3 ^^^ CH,C=CHCH, 



CH 3 



heat 



CH, 



OH 
(b) CH 3 C=CHCH 3 -^> CH 3 CCH 2 CH 3 



1 
CH 3 

[from (a)] 



I 
CH, 
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• 



OH 

m CH C=CHCH, (1)THF!B % CH3CHCHCH3 
(C) LH 5 t-^BLn 3 (2 )H 2 0,,OET 3 I 3 



CH 3 
[from (a)] 



CH, 



Br : 



(d) 



CH 3 CHCH=CHj **] >■ CH 3 CHC;HCH 2 Br 



I 
CH. 



CC1. 



CH,' 



3 NaNH 2 
heat 



CH.CBfeCNa H > 0+ > CH 3 CHCe=CH 



I 
CH, 



CH, 



HBr 



(e) CH 3 CHCH=CH 2 -^5^ CH 3 CHCH 2 CH 2 Br 



CH, 



(f) CH 3 CHCH=CH 2 
CH 3 



(g) CH 3 C=CHCH 3 
CH 3 
[from (a)] 



heat 



CH 3 



CI 

HC1 > ch 3 chc!hch 3 

CM, 



HCl 



CI 
CH 3 CCH 2 CH, 
CH, 



Nal 



(h) CH 3 CHCH 2 CH 2 Br ^^> CHXHC^Ciy 



CH 3 
[from (e)] 



(i) CH 3 C=CHCH 3 
CH, 



Sn2 



CH, 



(1)0 3 



(2) Zn, HOAc 



2 



> CH 3 CCH, + 



CH 3 CF 



[from (a)] 

O O 

(j) CH 3 CHCH=CH 2 g|— t > CH 3 CHC'H + H& 



CH, 



(2) Zn, HOAc 



'I 
CH 3 



CH, 



CI, 



CH,C1 



11 CH 3 CCH 2 CH 3 t^+ CH 3 CCH 2 CH 3 



A 



+ CH,Ci 



CH, 



CH, 



CH 3 

,v.CHC!CH 3 
3 I 3 

CH, 



+ CH 3 CCH 2 CH,C1 
CH, 



B cannot undergo dehydrohalogenation because it has no (3 hydrogen; however. C and D 
can, as shown next. 

CH 



CCHi 



CH,CCHC1CH, 
3 I 3 

CH 3 
C 



CH 3 
CH 3 cfcH 2 CH 2 CI 



™^L> c^S^CH, -> A 
(CH,),COH 3 I 'ft 

» CH 3 



CH, 



CH, 



CH 3 CCH=CH 2 
E ™3 



HCl, 



CH,C— CHCH 3 
3 I 3 

CH 3 

+ Cl' 



CH, 



+ I 



CH 3 
+ Cl' 



CI CH 3 
-V CH 3 ()-CHCH 3 rH)UU) 
F CH 3 



CH 



> ch,chc!hch 3 
5 1 3 

CH 3 



H,,Pt 



12 CH 3 Cs=CCH 3 

A 
H 



>- CH 3 CH 2 CH 2 CH 3 



H,C 



->■ No IR absorption in 
2200-2300 cm -1 region. 



Ni,B (P-2) 
CH, 



\ _/ 



'3 



c=c 
/ \ 

H H 

B 



(UOsQ, 
(2)NaHSO, 
(syn hydroxylalion) 



CH 3 
Hv^^-OH 

C CH 3 
(a meso compound) 
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w 
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13 The eliminations are anti eliminations, requiring an anti periplanar arrangement of the 
bromine atoms. 



H 



H 3 C 



9* 



V 



/n"" CH 3 

W~~* H 
m<r.jo-2,3-Dibromobutane 



H 



H 3 C 



J*h 



H 



IBr 



rrans-2-Butens 



15 In all the following structures, notice that the large rerf-butyl group is equatorial, 
jir 



(a) 




H 



C(CH 3 ) 



Pi 



Br 

+ enantiomer 
as a racemic form 



(bromine addition is anti; cf. 
Section 8.7) 



H 



0* 



jtv 



(2S,3S)-2,3-Dibromobutane 



H 3 C 



H, M 



+ IBr 



cw-2-Butene 



QH 3 ,J-Br 

7Ps:""ch 3 

^_r Br H 

(2/?,3tf)-2,3-Dibromobutane 



CH 



J*k 



+ IBr 



dj-2-Butene 



14 The eliminations are anti eliminations, requiring an anti periplanar arrangement of the 
-Hand -Br. 



Br 



H 5 C 6 



C Br 



Bfe 



ij 



/J\""H 



'C 



meso-l,2-Dibromo- 
1,2-diphenylethane 



H 5 C 6 C 6 H 5 



(£)-l-Bromo-l,2- 

diphenylethene 



Br 



E <_r 



tf* 



Be,. 



& v h 



v"""C 6 H s 



H 5 C 6 



c=c 



/y% 



H 



(2K,3fi)-l,2-Dibromo- 
1,2-diphenylethane 



(Z)-l-Bromo-l,2- 
diphenylethene 



(25,3S)-l,2-Dibromo-l,2-diphenylethane will also give (Z)-l-bromo-I,2-diphenylethene 
in an anti elimination. 



?Tv 



(b) 



(c) 



(d) 



(e) 



(0 



« 




-OH 

H 

+ enantiomer 

as a racemic form 

H 



C(CH 3 ) 3 




-C(CH 3 ) 3 

OH 

+ enantiomer 

as a racemic form 



H 




OH 



+ enantiomer 
as a racemic form 



C(CH 3 ) 3 



H 




C(CH,), 



H 




H ~C(CH 3 ) 3 

Br 

+ enantiomer 

as a racemic form 



(syn hydroxylation; cf. Section 8.10) 



(anti hydroxylation; cf. Section 11.19) 



(syn and anti Markovnikov addition 
of — H and —OH; cf. Section 1 1.7) 



(Markovnikov addition of — H and 
—OH: cf. Section 11.4) 



(anti addition of -Br and -OH, with -Br and 
-OH placement resulting from the more 
stable partial carbocation in the intermediate 
bromonium ion; cf. Section 8.8) 
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(g) 




■C(CH 3 )j 



(anti addition of -I and -CI, following 
Markovnikov's rule; cf. Section 8.2) 



+ enantiomer 
as a racemic form 



O O 

(h) HC(CHj) 4 C l C(CH 3 ) 3 




C(CH,) 3 



(syn addition of deuterium; 
cf. Section 7.14) 



H 

+ enantiomer 

as a racemic form 



D 



(J) 




C(CH,) 3 



(syn, anti Markovnikov addition of - D and 

-B— , with -B- being replaced by -T 

I I 

where it stands; cf. Section 1 1.7) 



II 

+ enantiomer 
as a racemic form 

CH 3 / CH 3 \ CH 3 

16 A = CH 3 C=CHCHjCH 3 B = /CH 3 CHCH — \-BH C = CH^HCHCHjCHj 

OH 



I 2 

<^ ) 

CH, / 



17 (a) The following products are diastereomers. They would have different boiling points 
and would be in separate fractions. Each fraction would be optically active. 



f 

H"7\ 
H 3 CH 2 C CH-CHj 

(#)-3 -Methyl- 1 -pentene 



H,C 



Br 



V J 



Br 2 

COj* W v 'f~~ C y"H 



H 3 CH 2 C 



H,C Br 

3 \ / 

„,.C— C 



H ,i..' 



CH 2 Br H 3 CH 2 C 



v "CH,Br 
H 



(optically active) 



y 

Diastereomers 



(optically active) 
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(b) Only one product is formed. It is achiral, and, therefore, it would not be optically 
active. 



CH, 



l 
H'"y-\ Pt 

HjCh/ ch=ch, 



T 



H 3 CH 2 C CI^CH, 
(optically inactive) 



(c) Two diastereomeric products are formed. Two fractions would be obtained. Each 
fraction would be optically active. 



CH, 



J. 



(I)QsQ, v H 3 C X / 0H 



H,C 



\ / 



OH 



H „^, N (2)NaHSOj g W <C C,„ lrH + W „,.C K^fjf^g 

H 3 CH 2 C CH=CH 2 H 3 CH,C CH 2 OH H 3 CH,C H 



(optically active) (optically active) 

— V - 



(d) One optically active compound is produced. 

(l)THFtBH, 



CH 3 



Diastereomers 



CH, 



H,CH,C CH=CH 2 



(2)ll;0 2 ,OH' 



2 

H 3 CH 2 C CH : CH 2 OH 
(optically active) 



(e) Two diastereomeric products are formed. Two fractions would be obtained. Each frac- 
tion would be optically active. 

^ H 3 



H "y C \ 

H 3 CH 2 C CH-CH, 



Ct)Hg(OAc),,THF-H 2 
(2)NaBH 4 ,OH 



H 3 C. 
H 3 CH,d" 



>c-c{ 



OH 



H,C OH 

3 \ / 



CH, 



H 



„,.c— c. 



"CH, 



H 3 CH,C H 



(optically active) 



Diastereomers 



(optically active) 

j J 
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(0 Two diastereomeric products are formed. Two fractions would be obtained. Each frac- 
tion would be optically active. 






(1) 




O 



o - 

II • 

CO,H 
OO" 



Nig* 



(2) H a O\H 2 



H,CH,C CH=CH 2 



H,C 

v 



OH 

J 



H,C 



V J 



OH 



H 3 CH,C CHjOH H 3 CH,C 

(optically active) 



Hl"y v" 



v""CH 2 OH 
H 



(optically active) 



Diastereomers 




Zn 



HOAc 



+ 
enantiomer 





(a meso compound) 
♦ C 



CH,CH,ONa 



CHjCHjOH 



♦or 



Pt 



CH 3 
D 

(DO, 

(2) Zn, HOAc 




19 



Q- 



<3% 

CH 
\ 
CH, 
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m/z 120 = Mt 

105 = Mf - 15(CH 3 •) = C 6 H 3 -CHCH 3 
77 = Mt - '43(i-Pr •) = C 6 H 5 + 

S 7.2-7.6 5 ring protons 

2.95 CH of isopropyl group 

1.29 equivalent CH,s of isopropyl. group 



20 C 5 H, has IHD = 2 

IR absorption indicates O=0 

l3 C NMR spectrum for X is consistent with structure 

O 
II 
CH,— CH— C— CH, 

3 I 
CH, 



21 (a) 




meso 

CI CI 

,H 



CI H 

13-trans 



H C! 




e \,1-trans 
meso 



~Y~ 

1,2,4-trans 
Enantiomers 




■•> ■■ 
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(b) Isomer 9 is slow to react in an E2 reaction because in its more stable conformation (see 
following structure) all the chlorine atoms are equatorial and an anti periplanar transition 
state cannot be achieved. All other isomers 1-8 can have a -CI axial and thus achieve an 
anti periplanar transition state. 




(a) CH 3 CHCH 2 CH 3 
CH, 




iCH 2 F 



FCH 2 **X*i 

. s 



iH 



_/ 



v 

Enantiomers 

(obtained in one fraction as an 

optically inactive racemic form) 



'I 

+ CH 3 CCH 2 CH 3 

CH 3 



(achiral and, therefore, 
optically inactive) 



CH 3 
CHj^H 

I 
CH, 



CH 3 
CH^H 
Fw^^*H 

CH, 



Enantiomers 

(obtained in one fraction as an 

optically inactive racemic form) 



+ CH 3 CHCH 2 CH 2 F 

CH 3 
6 

(achiral and, therefore, 
optically inactive) 



(b) Four fractions. The enantiomeric pairs would not be separated by fractional distilla- 
tion because enantiomers have the same boiling points. 

(c) All of the fractions would be optically inactive. 

(d) The fraction containing 1 and 2 and the fraction containing 4 and 5. 



23 



24 



ANSWERS TO FIRST REVIEW PROBLEM SET 221 



F, 



CH 3 

f^Uh 

I 

r 

Ok 

(/?)-2-Fluorobutane 



QH 3 



J 
H-i 



CH ? F 

F ^C^ H 
I 
CH, 

j CH 3 
(optically active) 



QH 3 
Fi^^.H 



;^F 

:h 3 

(optically active) 



J- 



3 ™. 



F^£^"H 

4 ^ 

meso compound 
(optically inactive) 



CH, 
F^I^aiF 

CH, 
2 CH 3 

(achiral and, therefore, 
optically inactive) 

CH 3 

CH, 

CH 2 F 
5 

(optically active) 



(b) Five. Compounds 3 and 4 are diastereomers. All others are constitutional isomers of 
each other. 

(c) See above. 



H 3 CH 3 C HN CHjCH, 
H rf j H H 




(ft) U > C *" H ' H " CH3 (S) 



Each of the two structures just given has a plane of symmetry (indicated by the dashed line), 
and, therefore, each is a meso compound. The two structures are not superposable one on 
the other; therefore, they represent molecules of different compounds and are diastere- 
omers. 
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25 Only a proton or deuteron anti to the bromine can be eliminated; that is, the two groups un- 
dergoing elimination (H and Br or D and Br) must lie in an anti periplanai arrangement. The 
two conformations of en7/iro-2-bromobutane-3-rf in which a proton or deuteron is anti peri- 
planar to the bromine are I and II. 



13 



CONJUGATED UNSATURATED SYSTEMS 



CftO 



H A 



> 



u % 



'""CH, 



H,C CH 3 

D H 



SOLUTIONS TO PROBLEMS 



H 



CftO 



D H 

II 



-DBr 



H 



V 



.CH, 



J 



C= 
/ \ 

H,C H 



Conformation I can undergo loss of HBr to yield Ws-2-butene-2-d. Conformation II can un- 
dergo loss of DBr to yield /ra/u-2-butene. 



';■- 

■*■, 



13.1 (a) l4 CH,=CHCH,X and CH,=CH — CH,X 



(b) The reaction proceeds through the resonance-stabilized radical. 



4 CH,=CH-CH, 



14 CH 2 — CH=CH, 



Thus, attack on X, can occur by the carbon atom at either end of the chain since these 
atoms are equivalent. 

(c) 50:50 because attack at the two ends of the chain is equally probable. 



2 

4 3 f\l 

13.2 (a) CH — CH X CH, 

+ 

D 



CH— CH 



2 

-, .CH , 

3 // \ 1 



i • CH - 
3 // sy 



CH 2 or CH 3 — CH CH, 

5 + ,, S + 



(b) We know that the allylic cation is almost as stable as a tertiary carbocation. Here 
we find not only the resonance stabilization of an allylic cation but also the additional 
stabilization that arises from contributor D in which the plus charge is on a secondary 
carbon atom. 

CI 

(c) CH r CH-CH=CH 2 and CH 3 -CH=CH-CH 2 -CI , because the CI will attack 
the chain at the two positive centers shown in structure F. 



CH 3 
13.3 (a) CH^C-CH; 



CH 3 
'CH--C=i 



CH, 



(b) CHpCH-CH-CH=CH 2 



+ CH 2 -CH=CH-CH=CH 2 •<— ► 

CHj=CH-CH=CH-CH 2 
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(C) 



(e) CH 3 CH=CH-CH=OH <— ► CH 3 CH=CH-CH-OH <#* > 



CH 3 CH-CH=CH-OH 



(f) CH^=CH-Br: 



TCH-CH=Br: 



.^\XH, + /-W:H, + fA^SB, ^^CH, ^r^CH 2 



(h) iCH-C-CHj 
(i) CH— S-CH 2 + 

p 

.0:- 



:0: 
CHf=C-CH 3 



CH 3 — S=CH 2 



(j) CH 3 — N <— > CH 3 — N <— ► CH,— N 

.0. > . , .0;- 

(minor) ■ 



CH 3 
13.4 (a) CH 3 CHjC -CH=CH, because the positive charge is on a tertiary carbon atom 
" + 
rather than a primary one (rule 8). 

CH, 

(5) I ) because the positive charge is on a secondary carbon atom rather than a 

primary one (rule 8). 

( C ) CHf=N(CH 3 ) 2 because all atoms have a complete octet (rule 8b), and there are 
more covalent bonds (rule 8a). 
O 

(d) CH— C— OH because it has no charge separation (rule 8c). 

(e) CHf=CHCHCH=CH, because the radical is on a secondary carbon atom rather 
than a primary one (rule 8). 

(f) :NH— OsN: because it has no charge separation (rule 8c). 






13.7 



13.1 
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13.5 In resonance structures, the positions of the nuclei must remain the same for all struc- 
tures (rule 2). The keto and enol forms shown differ not only in the positions of their 
electrons, but also in the position of one of the hydrogen atoms. In the enol form, it is 
attached to an oxygen atom; in the keto form, it has been moved so that it is attached 
to a carbon atom. 

13.6 (a) a'i-l,3-Pentadiene, fra/ii,fra;ix-2,4-hexadiene, cis, fra;u-2,4-hexadiene, and 1,3- 
cyclohexadiene are conjugated dienes. 

(b) 1,4-CycIohexadiene and 1,4-pentadiene are isolated dienes. 

(c) I-Penten-4-yne is an isolated enyne. 



The formula, C 6 H«, tells us that A and B have six hydrogen atoms less than an alkane. 
This unsaturation may be due to three double bonds, one triple bond and one double 
bond, or combinations of two double bonds and a ring, or one triple bond and a ring. 
Since both A and B react with 2 mol of H, to yield cyclohexane. they are either cyclo- 
hexyne or cyclohexadienes. The absorption maximum of 256 11111 for A tells us thai it & 
conjugated. Compound B, with no absorption maximum beyond 200 nm. possesses iso- 
lated double bonds. We can rule out cyclohexyne because of ring strain caused by the 
requirement of linearity of the — C=C — system. Therefore. A is 1,3-cyclohexadiene: 
B is 1 ,4-cyclohexadiene. 

All three compounds have an unbranched five-carbon chain, because the product of hy- 
drogenation is unbranched pentane. The formula, C 5 H 6 . suggests that they have one dou- 
ble bond and one triple bond. Compounds D, E, and F must differ, therefore, in the way 
the multiple bonds are distributed in the chain. Compounds E and F have a terminal 
— C=CH [IR absorption at ~33O0 cm -1 ]. The UV absorption maximum near 230 nm 
for D and E suggests that in these compounds, the multiple bonds are conjugated. The 
structures are 



CH,— O^C— CH=CH 2 
D 



HC^C— CH=CH— CH, 
E 



HC=C— CH,— CH=CH : 
F 



13.9 (a) Recall that 1,2 and 1,4 addition refer to the conjugated system itself and not the 
entire carbon chain. CH,CH,CHCH =CHCH 3 and CH,CH,CH =CHCHCH, 



- I 
CI 

(b) The most stable cation is a hybrid of equivalent forms: 
CH 3 CHCH =CHCH 3 <— >■ CH 3 CH =CHCHCH 3 
Thus, 1,4 and 1,2 addition yield the same product. 



CI 



CH,CHCH =CHCH, 

3 I 3 

CI 
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13.10 Addition of (he proton gives the resonance hybrid. 

(a) CH 3 -CH-CH=CH, <— > CH 3 -CH=CH-CH 2 
I H 



The inductive effect of the methyl group in I stabilizes the positive charge on the adjacent car- 
bon. Such stabilization of the positive charge does not occur in II. Because I contributes more 
heavily to the resonance hybrid than does II, C2 bears a greater positive charge arid reacts faster 
with the bromide ion. 

(b) In the 1.4-addition product, the double bond is more highly substituted than in the 1,2- 
addition product; hence it is the more stable alkene. 



13.11 (a), (c) 




(b) rt-Electron 
interaction 
occurs here. 



13-12 (a) H 3 C 



H 3 C 



Hi? 




CCH, 




Endo adduct 




H 3 C 



0» 




HO 



~-.JA 



iCOCHj 

"COCH, 
if 



H 





(major product) (minor product) 

1 3.13 Use the trans diester because the stereochemistry is retained in the adduct. 

i 

H^COCHj 
+ II 

CH.OC^H 

' II 
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13.14 




Q^ c ^och 3 

2 

in 

O^OCH 3 



0\ 



13.15 



o. ^CH, 



CH, 



(dienophile 
underneath the 



~"C0 3 H plane of the diene) 



CH 3^0 

0>CH 3 
^CO,H 



CH 




CH, 



(dienophile 
■}. CO z H above the 

plane of the diene) 




f H J€° 



(Or, in each case, the other face of the dienophile could present itself to the diene, re- 
sulting in the respective enantiomer.) 

(CH 3 ) 3 COK 
13.16 (a) BrCHjCHjCHjCH 2 Br > CHpCH-CH=CH 2 



(b) HOCH,CH 2 CH 2 CH 2 OH 



(CHj) 3 CO"H 
coned H 2 S0 4 



heat 



> CH^=CH-CH=CH, 



tuned ILSOj 

(c) CHf=CH-QI 2 CR,-OH ^— -► CHf=CH-CH=CII 2 

(CH 3 ),COK 

(d) CHf=CH-CH 2 CH 2 -Cl *-£« > CHf=CH-CH=CH 2 

1 2 2 (CH 3 ),COH " 2 

(CH,),COK 

(e) CHf=CH-CH-CH 3 ; „„Y^ tI > CHpCH-CH=CH 2 



CI 



(CH 3 ) 3 COH 



conad.H,SO. 
(f) CH^CH-CH-CH, , ► CH^CH-CH=CH, 



heat 



OH 



(g) CHj=CH-C=CH + H 2 N ' ;B(P ' 2) > CHf=CH-CH=CH 2 



13.17 CHpC C=CH 



CH 



3 CH 3 
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13.18 (a) CI— CH 2 CHCH=CH 2 + C1-CH 2 -CH=CH-CH 2 -C1 
CI 



(b) CH^-CH-CH-CHj 
CI CI CI h 



(c) CHj-CH-CH-CH 2 
Br Br Br Br 



(d) CH 3 -CH 2 -CH 2 -CH, 

(e) C1-CH 2 -CH-CH=CH 2 + Cl-CH 2 rCH=CH-CH 2 -OH 



OH 



[+CICH 2 CHCH=CH 2 + C1CH 2 CH=CHCH,C1 ] 
CI 



(f) 4 C0 2 (Note: KMn0 4 oxidizes H0 2 C-C0 2 H to 2 C0 2 ) 

(g) CH 3 -CH-CH=CH 2 + CHj-CH^CH-CHf-OH 



f 



OH 



H 2 C-" "\ ccll f r 

13.19 (a) CHfCH-CH 2 -CH 3 + j" NBr > CHpCH-CH- 

rLC-^ / 
Q 



•CH, 



(NBS) ° 



+ CH 2 -CH=CH-CH 3 
Br 



(CH 3 ) 3 COK > CH _ CH _ CH=CH , 



(CH 3 ) 3 COH 



Note: In the second step, both allylic halides undergo elimination of HBr to yield 1 ,3- 
butadiene; therefore, separating the mixture produced in the First step is unnec- 
essary. The BrCH 3 CH=CHCH, undergoes a 1,4 elimination (the opposite of a 
1,4 addition). 

Br 
CCl \ 

(b) CHpCH-CH 2 -CH-CH 3 + NBS — ^> CHf=CH-CH-CH r CH 3 



- C^-CH=CH-CH 2 -CH 3 J ggg% > CH F CH-CH=CH-CH 3 



Here again both products undergo elimination of HBr to yield 1,3-pentadiene. 



-I"' 
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coned H,S0 4 
(c) CH 3 CH,CH,CH 2 OH g~ ■ ► CH 3 CH=CHCH 3 



[as in (a)] 



(+CH 3 CH 2 CH=CH,) 



Br, 



CH-CH=CH-CH, <-p~ CH^CH-CH=CH, *- 
I - I - heat 

Br Br 



(d) CH 3 -CH=CH-CH 3 + NBS -^> CH 3 -CH=CH-CH,Br 

+ CHi=CH-CHBr-CH, 



Br 



(e) 



:; : , 1L , ; 7 ( CHQjCOK > f | NBS > v | 



,u ' heat \ 1 (CH,),COH 



CCl, 



(excess) 
Br 



(0 \ // 



(CH 3 ) 3 COK ^ 

(CH,),COH 



Br 



// same as\\ // 



13.20 R-'6-0-R h , ea ' > 2 R-6- 
.. .. or light 



R-"6* + H-Br: ► R-O-H * 'Br 



CHf=CH-CH=CH, + • Br: ► 



CHpCH-CH-CH, <-> CH,-CH=CH-CH 2 
Br Br 



HBr 



> CH,=CH-CH-CH, + CH,-CH=CH-CH 7 + . Br : 
- I l - i l [ "* 

H Br H Br 

(fiandZ) 
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13.21 Various IR, 'H NMR, l3 C NMR, and MS features could be used to differentiate the 
members of any of these pairs. IR absorptions can be used to indicate whether double 
or triple bonds are present in a given molecule, or whether a hydroxy! group or halogen 
is present. Chemical shifts in the proton and carbon NMR spectra indicated can also be 
used to indicate the hybridization state of carbon atoms. The number of signals in the 
proton or carbon NMR spectrum for a given compound can suggest whether there is 
symmetry to the structure or not. Splitting patterns in the proton spectra can give de- 
tailed information about the connectivity of atoms. Mass spectra will indicate molecu- 
lar weight differences when the molecular ions are present. Fragmentation patterns can 
indicate specific aspects of molecular structure characteristic to one member of a pair 
or another. UV would distinguish members of a pair where one is conjugated and the 
other is not. Consult tables with representative spectral information to predict specific 
aspects of the spectra for each compound. 



13.22 (a) Because a highly resonance-stabilized radical is formed: 



CRf=CH-CH-CH=CH 2 



CH^CH-CH^CH-CR, 



(b) Because the carbanion is more stable: 

CRfCH-CH-CH=CH 2 •<-> CHf=CH-CH=CH-CHj 



CH 2 -CH=CH-CH=CH 2 
That is, we can write more reasonance structures of nearly equal energies. 



13.23 



CH, 



CSjpC- 



■CH=CHj 



HCI 



CH 3 
CH 3 -C-CH=CH 2 



CH 3 
CHf=C-CH-CH 3 



CH 3 
CH,-C=C 



. -.-CH-CHj 

+ 

en 



-C=C 



CH 2 -C=CH-CH 3 



II 



The resonance hybrid, I, has the positive charge, in part, on the tertiary carbon atom; in 
II, the positive charge is on primary and secondary carbon atoms only. Therefore, hybrid 
I is more stable and will be the intermediate carbocation. A 1,4 addition to I gives 



CH. 



£ 



CH-CH,-C1 
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13.24 (a) 



O 

n 
h'Si 



< c > H 3 C^,CH 2 



(b) HjC^CH, H^COCH 3 

c + c 1 

H,C' ^CH 2 H." "X'OCH, 

3 2 n 3 

O 



fl 



c + c 1 

H 3 C ^CHj cHjOC ^-h 

o 



H^^COCHj (d) 



(e) 



H T^ CN 



(o 



CH 3 



2 i o 



H "-CH, 



ST^V" 



II 




H^.H 



if ^COCH 
ll 




13.25 Neither compound can assume the s-cis conformation. 1,3-Butadiyne is linear, and 
-CH 2 is held in an s-trans conformation by the requirements of the ring. 



13.26 (a) i] 0CH , 



IJL ' 
^•"'XOCH, 

8 



(b) 



a: 



CF 3 
CF, 



13.27 



O 



+ II 
H H 



13.28 The endo adduct is less stable than the exo, but is produced at a faster rate at 25°C. At 
90°C the Diels-Alder reaction becomes reversible; an equilibrium is established, and the 
more stable exo adduct predominates. 



? 
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13.29 




Dieldrin 



13.32 



CI, 



CI 
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CI 



•n/ 



.CI 







V^' 








ci- 


c 


L> 


> 


Cl" 


d 


a? 


' 1 

c 


\ \ 




tr 


Cl 



Isodrin 



13.33 Protonation of the alcohol and loss of water lead to an allylic cation that can react with 
a chloride ion at either Cl or C3. 

CH 3 CH=CHCH 2 OH *•**" CH 3 CH =CHCH,-0-H — ^ 



%. 



13.30 (a) 



(b) 



13.31 



H 

C 
III 

9 

H 



H.„^C1 
+ I 
H^H 




Norbornadiene 



* ihf 



Cl 




NaOQH, 



CjHjOH 




Note: The other double bond is less reactive because 
of the presence of the two chlorine substituents. 



• allylic 



Chlordan 




chlorination 




CH 3 CH=CHCH 2 



CHjCHO^CHj 



cr 



CH,CH=CHCH,C1 + CH,CHCH=CHj 



13.34 (1) CHf=CH-CH=CH 1 + Cl, 



Cl 



CICH,-CH-CH=CH, 



I 



C1CH-CH=CH-CH, 

Y 

5 + 6 + 

CICH,-CH— CH^CH, 

5+ 5+ CH,OH 

(2) C1CH 2 -CH— CH— CH 2 _L > CICH 2 -CH-CH=CH, 

OCH 3 
+ C1CH 2 ~CH=CH-CH,0CH 3 

13.35 A six-membered ring cannot accommodate a triple bond because of the strain that 
would be introduced. 



.CH, 



| | 2 RONa* 

\^Br 



H 2 C C 



Too highly 
strained 



'CH, 




I. 
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Br 



. : : 



13.36 The products are CHjCH 2 c!hCH =CH 2 and CH 3 CH 2 CH =CHCH 2 Br (cis and trans). 
They are formed from an allylic radical in the following way: 



Br, >• 2 Br (from NBS) 

Br- + CH 3 CH,CH 2 CH=CH 2 - 



CH 3 CH,CH — CH— CH, + Br, 



CH 3 CH 2 CHCH=CH 2 

f + HBr 

CH 3 CH 2 CH=CHCH_, 



• CH 3 CH 2 CHCH=CH 2 

Br + Br« 

+ CH 3 CH 2 CH=CHCH 2 Br 
(cis and trans) 



13.37 (a) The same carbocation (a resonance hybrid) is produced in the dissociation step: 

CH 3 

CH 3 (*=CHCH 2 C1, 



Ae^ 



Ag* * CH 3 CH 3 



CH 3 

CH,C-CH=CH, 
CI 



AgV 



CH 3 -C-CH=CH 2 <— ► CHj-C^CH-OL + AgCl 
f + + 

I II 



CH, 



j H >° 



CH 3 



CH 3 -6-CH=CH 2 + CH 3 -C=CH-CH 2 OH 



Oil 



(85%) 



(15%) 



(b) Structure I contributes more than II to the resonance hybrid of the carbocation (rule 
8). Therefore, the hybrid carbocation has a larger partial positive charge on the tertiary 
carbon atom than on the primary carbon atom. Reaction of the carbocation with water will 
therefore occur more frequently at the tertiary carbon atom. 

13.38 (a) Propyne. (b) Base (: B~) removes a proton, leaving the anion whose resonance 

structures are shown: 



CBpC=CH, + ;1 



±: H'B + C=C=C 



\.- 

C— CsC— H 
/ 
H 

II 
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Reaction with H:B may then occur at the CH, carbanion. The overall reaction is 

CH^=C=CH 2 + :b" :<~~ »• [CHpC=CH <— ► CH-CsCH ] + H = B 

CHj-CsCH + :B" 

13.39 The first crystalline solid is the Diels-Alder adduct below, nip 125°C, 





t£ 



On melting, this adduct undergoes a reverse Diels-Alder reaction, yielding furan (which 
vaporizes) and maleic anhydride, mp 56°C, 




o' N d 



/-\ COCH 3 



uH heat 

> 




Furan 



Maleic 
anhydride 
(mp 56° C) 



13.40 (a) [| J + 



enantiomer (b) 



yv >' 



e 



COCH, 



\^C3L 



enantiomer 




ffV* 

+ enantiomer (d) l| j + enantiomer 



13.41 The product formed when butyl bromide undergoes elimination is 1-butene, a simple 
monosubstituted alkene. When 4-bromo- 1-butene undergoes elimination, the product is 
1,3-butadiene, a conjugated diene, and therefore, a more stable product. The transition 
states leading to the products reflect the relative stabilities of the products. Since the tran- 
sition state leading to 1,3-butadiene has the lower free energy of activation of the two, the 
elimination reaction of 4-bromo- 1-butene will occur more rapidly. 



. i i 
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13.42 The diene portion of the molecule is locked into an s-trans conformation. It cannot, there- 
fore, achieve the s-cis conformation necessary for a Diels-Alder reaction. 



13.43 CH 3 2 C P<^ H 



OSi(ferf-Bu)Ph 2 



H 




Ph 



Ph 



Ph 



O 




GO 



Ph 

D 



(isomer 2) 



(isomer 1) 



(c) See above 



QUIZ 



13.1 Give the 1,4-addition product of the following reaction: 



CH 3 CH =CHCH=CHCH 3 + HC1 



■> ? 



(a) CH 3 CH=CHC=CHCH 3 



C. 



(b) CH 3 CH 2 CHCH =CHCH 3 
CI 



(c) CHjCH=CHCH=CHCHj (d) CH 3 CH 2 CH =CHC'HCH 3 

CI CI 



(e) CHjCHjCHCHCHjCHj 



CI CI 



13.2 Which diene and dienophile could be used to synthesize the following compound? 




H^.CN 



(c) 



(d) 



H TN 



EL^-CN 



HT^CN 



CrT H 



H.XN 






CN'^'^H 



(e) 




CN 



CN 



13.3 Which reagent(s) could be used to carry out the following reaction? 

3r 




.0 



(b) NBS/CC1 4 , then Br 2 /Av 



(a) NBS/CC1 4 (NBS=[ NBr 

(c) Br 2 //iv, then (CH 3 ) 3 COK/(CH 3 ) 3 COH, then NBS/CC1 4 

(d) (CH 3 ) 3 COK/(CH 3 ) 3 COH, then NBS/CC1 4 

13.4 Which of the following structures does not contribute to the hybrid for the carbocation 

formed when 4-chloro-2-pentene ionizes in an Sjsj 1 reaction? 

(a) CH 3 CH=CHCHCH, (b) CH 3 CHCH =CHCH 3 (c) CH 3 CHCHjCH =CH, 
(d) All of these contribute to the resonance hybrid. 

13.5 Which of the following resonance structures accounts at least in part for the lack of 

Sjvj2 reactivity of vinyl chloride? 

(a) CH 2 =CH— CI: (b) CH 2 — CH=C1: + (c) Neither (d) Both 



I- 
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SUBSTITUTION REACTIONS 



! ~\ [)•:: 


Stereochemic 


al I 


tesult 


Favoring Conditions' 


>, i 


inversion 






1°, 2°, benzylic (l°or2°), 
orallylic(]° or 2°) leaving 


02jltf*« 6 








group (e.g., halide, tosylate, 
mesylate); 


:-.i .Section 6. 15 for a summary 








strong nucleophile; 


i miili.'1'pliiles mentioned in 








polar aprotic solvent 


.„., ;;. chapters 










V i 


racemization 


via 


carbocation) 


3°. benzylic. or allylic leaving 


'. iMpicr d 








group 


i' kiu&l ^institution 


racemization 


via radical) 


3°, benzylic, or allylic 










hydrogen: 


.-.i«2* 10 








peroxides, 


v .'I,.,, i3.: 








heat/light 



ELIMINATION REACTIONS 



Slereochemical/Regiochemical 



- ' I 


L' 


Result 


Favoring Conditions 


;. " 


dchvdrohulogenation) 


elimination to form the most 


strong base 






substituted alkene (Zaitscv 


(e.g., NaOEt/EtOH, 


' ■ 


i..ii 1 (> 


elimination) with small bases 


KOH/EtOH. 
rm-BuOK/re/f-BuOH): 






formation of the less substituted 


2° or 3° leaving group 






alkene with use of a bulky base 


(e.g.. halide, tosylate. 






(e.g.. ren-BuOK/rm-BuOH) 


mesylate, etc.); 
heat 


, ! 


Ic-l-ndrohalouenatioii) 


formation of most substituted 


3° leaving group: 






alkene: may occur with 


weak base: 


■"-- 


fWJta 6. i S and 7.10 


ctirbocation rearrangement 


heat 


; : ,' 


nUratiun 


formation of most substituted 


catalytic acid (H + , e.g.. coned 






alkene; may occur with 


H 2 S0 4 , H,P0 4 ); 




HOB 7.7 


carbocation rearrangement 


heat 
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MECHANISTIC SUMMARY OF ALKENE AND ALKYNE ADDITION REACTIONS 



Reactant 


Stereochemical Result 


Regiochemical Result 




syn 


anti 


Markovnikov 


anti-Markovnikov 


Alkenes 


Hj/Pt, Pd or Ni 


* X 2 /CC\ 4 


* H a O, H + 
(hydration) 


(i) THF:BH 3 
(ii) OH", HnO, 




(Section 7.13) 


(Section 8.6) 


(Section 8.5) 


(Section 11.7) 




(i) Os0 4 , 


* X,,H 2 


* (i) Hg(OAc) 2 , 






(ii) Na 2 S0 3 




H 2 0, THF 
(ii) NaBH 4 






(Section 8.10) 


(Section 8.S) 


(Section 11.5) 






RCO.,H (e.g., 


(i) RCO.,H, 


* HX (no 


HBr (w/peroxides) 




MMPP) 


(ii) H 3 + or OH" 


peroxides) 






(Section 11.17) 


(Section 11.18) 


(Section 8.2) 


(Section 10.9) 




# (i) THF:BH 3 


* X 2 /ROH 


V addition of 






(ii) H 2 2 . OFT 




other alkenes 






(Section 10.7) 


(Section 8.S) 










* X 2 , Nucleophile 










(e.g., RO~, 
RMgX) 

(Section 8.8) 








:C Addition 










of carbenes 










(Section 8.9) 









^Shares mechanistic themes with other reactions denoted by the same symbol. 



Alkynes 


H 2 , Pd on BaCOj 


(i)Li, EtNH 2 ,-78°C 


HX (one or two 




w/quinoline 


(ii) NH 4 + C1" 


molar equivalents) 




Lindlar's cat.) 








(Section 7.15A) 


(Section 7.15B) 


(Section 8.13) 




H 2 . Ni,B (P-2) 


X 2 (2 equiv.)/ 
CCI 4 






(Section 7.15A) 


(Section 8.12) 






H 2 (2 equiv.), 








Pt or Ni 








(complete 








hydrogenation) 








(Section 7.15) 







.':';* 3 
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IV. ALKENE AND ALKYNE CLEAVAGE WITH OXIDATION 

Conditions Reactant Product(s) 
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Alkenes 



(i) KMnOj/OH - , heat: Cii) H 3 + tetrasubstituted alkene 

trisubstituted alkene 
(Section 8.1 1) monosubstituted alkene 



two ketones 

one ketone, one carboxylic acid 

one carboxylic acid and C0 2 



(i) } , (ii) Zn, HOAc 
(Section 8.1 IA) 



tetrasubstituted alkene 
trisubstituted alkene 
monosubstituted alkene 



two ketones 

one ketone, one aldehyde 

one aldehyde and formaldehyde 



Alkvnes 



(i) KMnOj/OH , heat; (ii) H 3 + terminal alkyne 

internal alkyne 
(Section 8.14) 



(i) 3 , (ii) Zn, HOAc 
(Section 8.14) 



terminal alkyne 
internal alkyne 



a carboxylic acid and formic acid 
two carboxylic acids 

a carboxylic acid and formic acid 
two carboxylic acids 



V. CARBON— CARBON BOND-FORMING REACTIONS 

(a) Alkylation of alkynide anions (with 1° alkyl halides, epoxides, and aldehydes or 
ketones) (Sections 4.18C. 4.20B. 7.12 and 12.8D) 

(b) Grignard reaction (with aldehydes and ketones, or epoxides) (Sections 12.7B, C, and 
12.8) 

(c) Reactions of lithium dialkylcuprates (Corey-House, Posner-Whitesides reaction) 
(Section 12.9) 

(d) Carbocation addition to alkeres (e.g., polymerization) (Special Topic A) 

(e) Diels-AIder reaction (Section 13.11) 

(f) Addition of a carbene to an alkene (Section 8.9) 

VI REDUCTIONS/OXIDATIONS (NOT INCLUDING 
ALKENES/ALKYNES) 

(a) 2 R— X (w/Zn/H + ) -» 2 R— H + ZnX 2 (Section 4.18B) 

(b) Lithium aluminum hydride (LiAlH 4 ) and sodium borohydride (NaBHJ reduction of 
carbonyl compounds (Section 12.3) 

(c) Oxidation of alcohols with chromic acid, pyridinium chlorochromate (PCC), or hot 
potassium permanganate (Section 12.4) 



VII. MISCELLANEOUS 



(a) R— CO— R + PCI., -4 R— CCU— R ~* alkynes (Section 7.10) 

(b) R— COOH + SOCK or PCI., -* R— COC1 ->» acyl chlorides for Friedel-Crafts re- 
actions, esters, amides, etc. (Sections 15.7 and 18.5) 

(c) Terminal alkynes + NaNH : in NH 3 -> alkynide anions (Sections 4.18C, 12.8D) 

(d) R— OH + TsCl or MsCl (with pyridine.) «* R— OTs or R— OMs (Section 1 1.10) 

(e) R— OH + Na (or NaNH,) -» R— 0"Na + + %, (or NH 3 ) (Sections 6. 16B, 11.15B) 



VIII. CHEMICAL TESTS 



(a) Alkenes/Alkynes: BrVCCIj (Section 8.6) 

(b) Rings/Unsaturation/etc: Index of Hydrogen Denciency (Section 7.16) 

(c) Position of Unsaturation: KMnO, (Section 8.1 1); 3 (Section 8.1 1 A) 



:i. 
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SOLUTIONS TO PROBLEMS 

15.1 ^ x ^y E 
H 





-H* 






■IF 



a- 



■w 



£f 




O* 



1 5.2 The rate is dependent on the concentration of NO/ ion formed from 



acid. 



protonated nitric 



ft H 3 + + A " 



H-O-NO, + HA p NO/ + H,0 + 

H 

(where HA = HN0 3 or HOS0 3 H) 



Because H 2 S0 4 (HOS0 3 H) is a stronger acid, a mixture of it and HN0 3 will contain a 
higher concentration of protonated nitric acid than will nitric acid alone. 
That is, the reaction, 



H-0-N0 2 + HOS0 3 H 



produces more protonated nitric acid than the 
H-0-N0 2 + H-O-NO, 



reaction, 



H-O-NO, + HS0 4 

H 
Protonated 
nitric acid 



H-0-N0 2 + N0 3 " 
H 



:;; 
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15.3 



Step 1 



Step 2 



StepS 



15.4 




CH 3 CHCH 3 + F 
H CH, 



r^S-c^ 



l^n 



- Q 




CH, 



CH 3 
CH-CH, 



+ HF 



iO :0 \ , :Q c*"OAlCI, 

11 -II n „ „. ^1 ..Hi 3 

CH 3 C-0-CCH 3 + A1C1 3 <=± CHjC-CVCCH, 

■Q 
CH 3 C=Oi + CH 3 ^-OAlCi 3 



! 



. » CH 3 C=0: 

15.5 The carbocation formed by the action of AlCl, on neopentyl chloride is primary. This car- 
bocation rearranges to the more stable tertiary carbocation before it can react with the ben- 
zene ring: 



CH 3 
CH 3 CCH,C1 + A1C1, 
CH, 



CH, 



-*- A1C1 4 ~ + CH 3 CCH, + 



CH 3 
->■ CH,CCH,CH, 



CH, 



o- 



CH, 

I 3 
CCH,CH, •*- 

I 2 3 
CH, 



15.6 CH 3 CH 2 CH 2 -0H + BF 3 <==: CH 3 CH 2 CH 2 + + HOBF 3 

The propyl cation can rearrange into an isopropyl cation: 

hvdride + 

CH 3 CH 2 CH 2 + sllift > CH 3 CHCH 3 
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Both caseations can then attack the rina. 



] 



o- 






CHL 



H + 




OCHCH, 



M „ (g) Sfflea, Qj- 



CCH 2 CH,CH 3 



_ Zn(Hg) 

HC1 
reflux 



O" 



CH,CH 2 CH 2 CH 3 



(b) ffjj (Ci^CHCKbCOCI . 



AIC], 



Or 



CCH,CHCH, 



Zn(Hg) 



HC1 
reflux 



« j 



(c) 






© 



9 H 3 

CH,CH 2 CHCH, 



m 




+ O 



\ 




a 



AlCl, . 



olio. 







Zn(Hg) 
A1C1, 
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oco - oco 



Aid 



^> 




H H 



H H 



or jo 



Zn(Hg) 
HCl 




H H 



15.8 If the methyl group had no directive effect on the incoming electrophile, we would expect 
to obtain the products in purely statistical amounts. Since there are two ortho hydrogen 
atoms, two meta hydrogen atoms, and one para hydrogen, we would expect to set 40% 
ortho (2/5), 40% meta (2/5), and 20% para (1/5). Thus, we would expect that only 60% 
of the mixture of mononitrotoluenes would have the nitro group in the ortho or para po- 
sition. And we would expect to obtain 40% of ;»-nitrotoluene. In actuality, we get 96% 
of combined o- and/;-nitrotoluene and only 4% wr-nitrotoluene. This shows the ortho-para 
directive effect of the methyl group. 



CH, 



15.9 (a) 




SO, 



> 



h,so; 




SO,H 




CO,H CO,H 

<b » o & o 



S-J 



SO,H 



O m» O 





«■> !i i ™^> 



PH n 

,CCH. 



& 




262 REACTIONS OF AROMATIC COMPOUNDS 



REACTIONS OF AROMATIC COMPOUNDS 263 



15.10 As the following structures show, attack at the ortho and para positions of phenol leads 
to arenium ions that are more stable (than the one resulting from meta attack) because 
they are hybrids of four resonance structures, one of which is relatively stable. Only 
three resonance structures are possible for the meta arenium ion, and none is relatively 
stable. 



Ortho attack 





'OH 



if 



OH 



Relatively stable 



Meta attack 














'OH 
I 




'OH 

T 




'OH 




*OH 


r\ 




ck 


-> 


+ r"S #- 




1A1 


ki.B.- 




M* 




Q 

* H 






H 




H 






H Br 
Relatively stable 



H Br 



15.11 (a) The atom (an oxygen atom) attached to the benzene ring has an unshared electron 
pair that it can donate to the arenium ions formed from ortho and para attack stabilizing 
them. (The arenium ions are analogous to the previous answer with a -COCH, group re- 
placing the -H). 

(b) Structures such as the following compete with the benzene ring for the oxygen elec- 
trons, making them less available to the benzene ring. 



o 




o 




'O' 
b=C-CH, 



O^C-CH, 



This effect makes the benzene ring of phenyl acetate less electron rich and, therefore, less 
reactive. 

(c) Because the acetamido group has an unshared electron pair on the nitrogen atom that 
it can donate to the benzene ring it is an ortho-para director. 

(d) Structures such as the following compete with the benzene ring for the nitrogen elec- 
trons, making them less available to the benzene ring. 




m 



-C-CH, 



CH^-™' 



15.12 The electron-withdrawing inductive effect of the chlorine of chloroethene makes its dou- 
ble bond less electron rich than that of ethene. This causes the rate of reaction of 
chloroethene with an electrophile (i.e., a proton) to be slower than the corresponding re- 
action of ethene. 

When chloroethene adds a proton, the orientation is governed by a resonance ef- 
fect. In theory, two carbocations can form: 



:CI-CH=CH 2 + H" 



-> :C1-CH 2 -CH 2 + 
I (less stable) 

-> sCl-CH-CH, 



cr 



I 



> Cl-CH-CH, 
CI 



:<?1=CH-CH 3 
II (more stable) 

Carbocation II is more stable than I because of the resonance contribution of the extra 
structure just shown in which the chlorine atom donates an electron pair (see Section 
15.1 ID). 
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15.13 Ortho attack 



CH,CH 3 




Br + 



CH,CH 3 
Br 

-H 




< — ► 



CH-jCH-j 
" .Br 

-H 




CH,CH, 



<a$ — > 



Para attack 
CH,CH 3 



Br + 




CH,CH 3 




CH,CH, 




& 

Relatively stable 
CH,CH, 



H Br 
Relatively stable 




H Br 



15.14 The phenyl group, as the following resonance structures show, can act as an electron- 
releasing group and can stabilize the arenium ions formed from ortho and para attack. 

Ortho attack 
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Para attack 




NO, + 




■4 — > 




<-^> 



H NO, 



H NO, 




H NO, 






H NO, 



15.15 



/QVcHCH,CH 3 






<0h- 



CHCH, 



^ ' II 



<0^ 



CH,CH,CH, 
III" 



H NO, H NO, 

leads to 1-chloro-l-phenylpropane 

leads to 2-chloro-l-phenylpropane 
leads to l-chloro-3-phenylpropane 



The major product is 1-chloro-l-phenylpropane because I is the most stable radical. It is 
a benzylic radical and therefore is stabilized by resonance. 



o 



CHCHjCHj 



•o 



o 






C \=CHCH,CH 3 
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15.16 (a) 



Oh— «.» oh* &- 



D>- 




^CCH, 



(b) 



(c) 



(d) 






, (I)NaNH 2 /NH 3 

(2)CH 3 GH,C] 



D>- 




CCH 2 CH 3 



H, 



Ni,B (P-2) 



D>: 




[from(a)] 



C-H 

I 
CH 3 



D>= 




CCH, 



Li 



CH 3 CH 2 NH 2 



OK 



[from(a)] 



C— CH, 

H 



15.17 The addition of hydrogen bromide to 1 -phenylpropene proceeds through a benzylic rad- 
ical in the presence of peroxides, and through a benzylic cation in their absence (cf., a 
and b as follows). 

(a) Hydrogen bromide addition in the presence of peroxides. 
Chain Initiation 

Step 1 R— O-^-O— R > 2 R— O 

«J1 



Step 2 RO + H-rBr ► R— O— H + Br« 



Step 3 Br- + C 6 H 3 CH=CHCH 3 >■ C 6 H 3 CH— CHCH 3 

Br 

A benzylic radical 



XV& 



Chain Propagation 

Step 4 C 6 H 5 CHCHCH 3 + H— Br > C 6 HjCH,CHCH 3 + Br 

■Br "Br 

2-Bromo- 1 -phenylpropane 



The mechanism for the addition of hydrogen bromide to 1 -phenylpropene in the 
presence of peroxides is a chain mechanism analogous to the one we discussed when 
we described anti-Markovnikov addition in Section 10.9. The step that determines the 
orientation of the reaction is the first chain-propagating step. Bromine attacks the sec- 
ond carbon atom of the chain because by doing so the reaction produces a more stable 
benzylic radical. Had the bromine atom attacked the double bond in the opposite way, 
a less stable secondary. radical would have been formed. 



C fi H,CH=CHCH, + Br- 
6 5 <JU 3 



C 6 H 5 CH— CHCH 3 

Br 
A secondary radical 



(b) Hydrogen bromide addition in the absence of peroxides. 

C 6 H 5 CH=CHCH 3 + HBr- > C 6 H 5 CHCH 2 CH 3 + Br" 

A benzylic cation 

1 

C 6 H 3 CHCH 2 CH 3 
Br 
1-Bromo- 1 -phenylpropane 

In the absence of peroxides, hydrogen bromide adds through an ionic mechanism. 
The step that determines the orientation in the ionic mechanism is the first, where the pro- 
ton attacks the double bond to give the more stable benzylic cation. Had the proton at- 
tacked the double bond in the opposite way, a less stable secondary cation would have 
been formed. 

C 6 H 5 CH=CHCH 3 + HBr -*> C 6 H 3 CH-CHCH 3 + Br 

H 
A secondary cation 



15.18 (a) /CjV-CHCH 3 CH 3 because the more stable carbocation intermediate is the 

— — \ 

benzylic carbocation, /Q)VcHCH 2 CH 3 , which then reacts with a chloride ioi 



(b) 



/(jV-CHCHjCHj because the more stable intermediate is a benzylic cation. 



OH which then reacts with H 2 0. 
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1 

] 

i 

1 
] 
] 
] 

] 
] 

] 
] 
J 



15.19 (a) The first method would fail because introducing the chlorine substituent first would 
introduce an ortho-para directing group. Consequently, the subsequent Friedel-Crafts re- 
action would not then take place at the desired meta position. 

The second method would fail for essentially the same reasons. Introducing the 
ethyl group first would introduce an ortho-para director, and subsequent ring chlorina- 
tion would not take place at the desired meta position. 

(b) If we introduce an acetyl group first, which we later convert to an ethyl group, we 
install a meta director. This allows us to put the chlorine atom in the desired position. 
Conversion of the acetyl group to an ethyl group is then carried out using the Clem- 
mensen reduction. 




M 
C-CH, 




II 
C-CH, 



w* p ^ y^ y 




Cl 
OCH 



CN OCH 3 OCH3 

NO, 



15.20 (a) 



15.21 (a) In concentrated base and ethanol (a relatively nonpolar solvent), the S N ,2 reaction is 
favored. Thus, the rate depends on the concentration of both the alkyl halide and 
NaOC-,H 5 . Since no carbocation is formed, the only product is 

CHjCH=CHCH,OCH,CH 3 

(b) When the concentration of C 2 H 5 0~ ion is small or zero, the reaction occurs through 
the S N 1 mechanism. The carbocation that is produced in the first step of the S N l mecha- 
nism is a resonance hybrid. 



CH,CH=CHCH,Cl 



CH,CH=CHCH, 



CH 3 CH-CH=CH, 



+ Cl 



This ion reacts with the nucleophile (C-,H,0~ orC : H 5 OH) to produce two isomeric ethers 

OCH 2 CH 3 
CH 3 CH=CHCH,-OCH,CH 3 and CH 3 CHCH=CH 2 



(c) In the presence of water, the first step of the S N l reaction occurs. The reverse of 
this reaction produces two compounds because the positive charge on the carbocation is 
distributed over carbon atoms one and three 



CH,CH=CHCH, 



CH,CH-CH=CH, 



+ Cl 



CH 3 CH=CHCH 2 Cl 
CH 3 CHCH=CH 2 



15.22 (a) The carbocation that is produced in the S N ,1 reaction is exceptionally stable because 
one resonance contributor is not only allylic but also tertiary. 

CH, 



CH 3 
CH 3 C=CHCH 2 CI 



3 CH 3 

CH 3 C=CHCH, <«— * CHj-C-CH^CH, 



CH 3 



Ok 



A 3° allylic carbocation 



(b) CH 3 C=CHCH,OH + CH 3 CCH=CH, 

OH 

15.23 Compounds that undergo reactions by an S N 1. path must be capable of forming relatively 
stable .carbocations. Primary halides of the type ROCH 2 X form carbocations that are sta- 
bilized by resonance: 



15.24 The relative rates are in the order of the relative stabilities of the carbocations: 

C 6 H 5 CH, < C 6 H 3 CHCH 3 < (C 6 H 5 ),CH < (C 6 H 5 ) 3 C 
The solvolysis reaction involves a carbocation intermediate. 

CH 3 
15.25 



15.26 (a) 





OCH. 



(b) 




OCH, 




'16 ., 



1 . 
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:oh 



(c) 



O ♦ O « O 




ci 



(f) 




CI 



CI 



Cl 
HQ) + CH 3 CH 2 0-<^>-Cl 



(h) CH,CH,0 



O 
NHCOCH, NHCOCH 3 OCCH 3 

NO, 
(mainly) 

(d) 



CI 



Cl 





occh, 



NO, 



Cl 



(c) 




Cl 



NO, 



2 N 




Cl 



O 








COH "S^ TOH 

I N0 2 o' 



NO, 



/-- \ Cl 
15.28 (a) /QVcHCH 3 . 



(b) 



®-°- 



CHCH, 



(c) 




H=CHCH 2 CH 3 (d) /QVcHjCH. 

Br 



CH-jCHn 
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(e) (T^)VcHCH 2 CH,CH 3 (0 a^)V-CHjCH 2 CHjCH 3 

X -"" :/ OH V — '' 

O 



OH 



i 
:-oh 



15.29 (a) 



9 



CH, 
+ C1CHCH, 



CH 3 

/--\ ,CHCH, 
AIC1, „ f7~\T^ 



CH 

I 

ICC 

I 

CH 



AICI3 
3 

3 



Of' 



CH, 

I 3 
CCH, 



(c) 





+ ci-<:ch,ch 3 







MCI, , 








Zn(Hg) 
HC1, reflux 

CH,CH,CH 3 



(Note: The use of C1-CH 2 CH,CH 3 in a Friedel-Crafts synthesis gives mainly the 
rearranged product, isopropylbenzene.) 



(d) 



O) * ci1h 2 ch 2 ch 3 ^ [Qf' 



1 



cch,ch,ch 3 



HC1, 
reflux 




CH 2 CH 2 CH 2 CH 3 



^X^CCCH,), 

w [QJ * ci 2 

[from (b)] 



FeC.l 3 
dark 



,jOt' 



C(CH 3 ), 



i 
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(f) 



CI 



A1C1, 



(g) 




[from (f)] 



H (1)THRBH 3 

(2)H,0 2 . OH" rV-\ 

(syn addition) [ \ ) 




(h; [fj + HN0 3 > 



NO, N0 2 



(i) 



(J) 



+ Br, 



FeBr 3 




Br 



NO, 



FeBr, f/^1 HNOj^ (T\\ 

* *> ">■ LOJ TPaf O * ™"° 



»o 



FeCl, 



Br 

CI 
SO, 



O S? O ♦ CO 



,S0 3 H 



SO3H (separate) 
H 2 0/H 2 S0 4 . heat | 
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(1) 



SO A^ 

HfcSD, 




SO3H 



* O «■ O 



,N0, 



(separate) 



H,0/H,S0 4 heat 



SO3H 




NO, 



H,0/H,SO, 



heat 



(m) 



15.30 (a) 



(b) 



[from (h)] 



~S0 3 H 




(c) 



Q 






CH=CH, 



CH=CH, 



0" 



CHC1CH,C1 




CH,CH 3 



Ki 



KMn0 4 , OFT [7)1 



25° C 



r,^Y CH " CH! (l)KMn0 4 , OH'.heat rV~V 

-0 QJ ^^ LU 




,CHOHCH,OH 



C0,H 




(e) 




■ CO. 



.rH=CH, 



CH=CH, 



SrD 



_H,0 




CHOHCH, 



HBr 



no peroxides 



0' 



CHBrCH, 



(g) 




CH=CH, 



(l)THPBH,, 
(2) H 2 0,, OH ' 




o 



CH,CH,0H 
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/\.CH=CH, 

(h) gjf ^ .lil^'.LlLl 



(2) CH,CO 



>CQ 




(i) 



CO Y 




peroxides 




o 



CH-CHjD 



CH,CH,Br 




[from (i)] 



CH,CH,Br 



+ Nal 



ketone (f\f 



CH 2 CH,I 



.. ... ^CH,CH,Br 

i>3 [TjlJ -i CM 



[from (i)] 




CO. 



CH 3 CH,CN 



(1) 




CH=CHj D f ^v > /CHDCH,D 



M 



(m) + | 




heat . 




-0" 



CH,CH.,OH 



Na 



COT -3L 




[from (g)] 

CH, 
15.31 (a) ffjl 

; h 3 



KMnOj.OH" H,0* 

L ► ► 

heat 



& 

CO.H CO,H 

LV^J FeCI 3 l V^--S- 



CH,CH,OCH, 



(b) 



Q + C1-CCH 3 ^> O + ° rth ° 



5 



•; 
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3H, 



(c) 



o ®- o -a* p 

N0 2 



.Br 



N0 2 
(+ ortho) 



;o,h 



(d) 



Br, 



KMnQ.OH - H,0*. 



FeBr 3 



heat 



>-^-+ 



(+ ortho) 



(e) 



Q-i Cl 2 (excess) fy^VI 

J light ► KJJ 



CI, 



FeCl, 




»o 



CH, 



AIC1, 



+ Cl-CHCHj *-> 



CI 



+ ortho 



CH3CHCH3 



<*Q "X^) ^* <*-© 



;h 3 



/«.» r/~VI HNC>1 (^cess) 

(h) lw ► 




+ ortho 



COCH, 
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CH, 



(i) 




CH, 



CH, 



t i 

| H,Q/H;,S0 4: heat 



-NO-, 



(separate) 



S0 3 H 



COOH 



CH, 



o ^sy rj " dr J ^-o 



S0 3 H 



-NO, 

" H,0/H,S0 4 

-< — -~ — 



heat 



CI 



CH, 



(J) + C1-CCH 2 CH 2 CH 3 ^> O ^ir> O 



NH, 



C=0 CH,CH,CH,CH, 

CH,CH,CH 3 
(+ ortho) 



NH, 



15.32 (a) 



NHCOCH3 NHCOCH3 

J (2)OH- 

Br Br 

(+ ortho) 

NHCOCH3 NHCOCH3 NHCOCH3 NHCOCH3 



[from (a)] 



(minor 
product) 



FeBr, 

SO3H (rnajor ;':0-H 

product) 



NH, 




Br 



(1) H,0/H,SO , 



heat 
(2) OFT 



CI— CCH 



^ H 2 

X. ^Br 

[from (b)] 



NHCOCH, 

M 



NHCOCH3 

-Br 



NH, 



^or.^o -^o 



,Br 



(2) OFT 
NO, NO, 



NHCOCH, NHCOCH, 
.NO 



NHCOCH3 
NO, 



NH, 



(d) 



v_/J h,so 4 lv^ FeBr 3 l ^- J H ;°' he _ at [ <^y 



-NO, 



(2) 0H- 



S03H 

[from"(b)] 

NH, 



Br 



Br 



(e) 



Br, 



NH, 
Br-^is^-Bi 



H,0 




Br 



15.33 (a) Step (2) will fail because a Friedel-Crafts reaction will not take place on a ring that 
bears an -NO, group (or any meta director). 



NO, 



_HNO 
H. 



CH3COCI no Friedel-Crafts 

w 

A1CU reaction 



(b) The last step will first brominate the double bond. 



;h 2 ch 3 



f* 



:hch, 



:h=ch, 



NBS ■ 
CO,' 
light 



NaOEt . 

EtOH 
heat 



;HBrCH,Br CHBrCH,Br 

\ or + 



Br, 



FeBr, 
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CH 3 / CH, 



CH, 



CH, 



(i) 



t 

j H,0/H,S0 4 



.NO, 



(separate) 



. heat 



S0 3 H 



COOH 

.NO, 




CH, 



(1) KMnQ 4 , OH~, heat f?~^ ' CI, ["/'"St" * H,Q/H,SO,, 
(2)H 3 + IsS-^J * FeCl, %*J, 



,NO, 



heat 



C! 



(J) 



LOj + cl -^ CH 2 CH iCH 3 A ' C ' 3 > fCj] 



Zn(Hg) , 
HC1 • 



NH, 



15.32 (a) 



CI— CCH, 



NHCOCH, 



Br, 



C=0 CH,CH,CH,CH 3 

CH,CH,CH 3 
(+ ortho) 



NHCOCH3 NH, 



FeBr, 



0^0 



(1)H+ 

H,0 
(2) OH" 



NHCOCH, 



NHCOCH 3 
.S0 3 H 



Br 
(+ ortho) 

NHCOCH, 



Br 



NHCOCH, 



[from (a)] 



.Br 



(minor 
product) 



S0 3 H (major SO3H 

product) 



NH, 




Br 



(l)H,0/H,SO., 



heat 
(2) OFT 
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NH, 



,Br 



[from (b)] 



CI— CCH, 



NHCOCH3 NHCOCH, 



NH, 




Br 



H,0 
(2) OH" ; 

NO, NO, 



NHCOCH, 



NHCOCH3 
,NO, 



NHCOCH3 
NO, 



NH, 



(d) 



OiSrU ^OJ "f^Q 



.NO, 



(2)OH" 



S0 3 H 
[from (b)] 

NH, 



Br 



Br 



Br, 



NH, 
Br~^<~>^.Br 



HO 




Br 



15.33 (a) Step (2) ■ will fail because a Friedel-Crafts reaction will not take place on a ring that 
bears an -NO, group (or any meta director). 



NO, 



s^d 



CH,COCl w no Friedel-Crafts 



A1C1, 



reaction 



(b) The last step will first brominate the double bond. 



;h,ch 3 



Br 



:hch, 



:h=ch, 



NBS , 

ccV 

light 



NaOEt ■ 

EtOH 
heat 



Br, 



FeBr, 



;HBrCH,Br CHBrCH,Br 
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15.34 (a) Electrophilic aromatic substitution will take place as folic 



fi 



MMQ) -*► CN ±® . H 




(b) The ring directly attached to the oxygen atom is activated toward electrophilic attack 
because the oxygen atom can donate an unshared electron pair to it and stabilize the in- 
termediate arenium ion when attack occurs at the ortho or para position. 



,5.35 „ Q-<*4-@ t B h|^4-0 

Br 
Br 



Br 



15.36 




15.37 This problem serves as another illustration of the use of a sulfonic acid group as a block- 
ing group in a synthetic sequence. Here we are able to bring about nitration between two 
meta substituents. 




coned H 2 S0 4 
60-65°C 



HO,S 




coned HNO, 

—1 

coned H,S0 4 



G SOjH 




H 3 0*. H,0 
heat 




H S0 3 H 



15.38 



OH 



OH 



OH 



H 2 SO„ 
100°C 



CI, 
Fe 



S0 3 H 




Cl dilute CL /k .CI 
H 2 S0 4 „ 
heat 



OH 

6 




H + 



15.39 (a) (1) C 6 H 5 CH=CH— CH=CH 2 *■ C 6 H 3 CH=CH-CH— CH, 



C 6 H 5 CH— CH=CH— CH 3 

C fi H,CH-=CH=CH— CH, 

5 + 5 + x- 
(2) C 6 H 5 CH=CH=CH— CH 3 >- C 6 H S CH=CH— CH— CH, 

X 

(b) 1,2 Addition. 

(c) Yes. The carbocation given : .a; ;s a hybrid of secondary allylic and benzylic con- 
tributors and is therefore more stable than any other possibility; for example, 



C 6 H 5 CH=CH-CH=CH, -^> C 6 H 5 CH 2 — CH-CH=CH, ^ 



C 6 H 3 CH,— CH=CH-CH, 



A hybrid of 
> allylic contri- 
butors only 
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a 

J 
J 



1 

J 

1 
J 



1 

J 



(d) Since the reaction produces only the more stable isomer— that is, the one in which 
the double bond is conjugated with the benzene ring— the reaction is likely to be under 
equilibrium control: 

Actual 



5 + 5 + 
C 6 H 3 CH — " CH — CH-CH 3 1 

+ 



> CHX'H =CH-CH-CH, 



-6"J — - | 

CI 
More stable isomer 



> C 6 H 5 CH -CH=CH-CH 3 

CI 
Less stable isomer 

Q 



product 



Not 
formed 



15.40 




+ 



A1C1, 




Zn(Hg) 
HC1 



Toluene 





Succinic 
anhydride 



HO' 



A 
(C„H u 3 ) 




SOCI, 



H 3 C /^ 

HO X 

B 

(C„H M 2 ) 



S* 



H 3 C 




AICI, 



CI 



(C n H u C10) 




NaBH, 



H 3 C 




H 2 SO„ 
heat 







OH 



D 

(C u H,,0) 



E 
(C„H u O) 



Br 




NBS . 

w 

CO, 

light h 3 C 




NaOEt 

EtOH 
heat 



G 

(CnHjjBr) 



2-Methylnaphthalene 



HNO, 



,NO, 



I ( )\ H-.SOj**' 00 mononitro product) 

CH, 



i5 - 42 (a) OnO *** 0Q0 



-H,0. 



CH-,OH 



CH-,OH, 




rearrange- 
ment 




CH,-C=CH, 



H 3 C CH 3 



I 



HA 



(b) CH 3 -C=CH, S* CH 3 -C-CH 3 



I 
C 6 H 5 



H,C 



3\ .CH, 




I 
C 6 H 5 



-HA 




CH 3 C 6 H 5 



H,C 



Hp'h C 6 H 5 




Q 



-^J 



15.43 (a) 




CH 3 



Zn(Hg 



i\ CH, 



CH^ 5 



HC1 



NaBH,, 
OH" ' 



00 
OQ 
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(1) CH 3 MgI 




(2) NH 4 + 



(l)C 6 H 5 MgBr 

m nh 4 + , 



00 

H 3 C OH 




O 



C 6 H 5 



H,/Ni 




H 5 C 6 OH 



C 6 H 5 



15.44 (a) Large ortho substituents prevent the two rings from becoming coplanar and prevent 
rotation about the single bond that connects them. If the correct substitution patterns are 
present, the molecule as a whole will be chiral. Thus, enantiomeric forms are possible 
even though the molecules do not have a stereocenter. The compound with ?-N0 
6-C0,H, 2'-N0 : , 6'-C0,H is an example, " 2 ' 



^■ : ■. . -. .. 




and 




CO,H 



/ 



These molecules are nonsuperposable mirror images and, thus, are enantiomers. 



and 



(b) Yes 

HO,C' 

(c) This molecule has a plane of symmetry 





HO,C 



The plane of the page is a plane of symmetry. 

(Q>-^CI 2 CH 2 CH3 <^"C 



1S - 45 w /F%J 

\ l V_i/ C ~ CH 2 CH . 



=CCH, 



.•5 

■'■- 



15.46 



15.47 



15.48 



15.49 
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OHL 



CH, 



(c) 



g 6 H 5 



(b) 



(® 



<$. 



C-CH, 



/ 



itu^.. 



Br*"= 



aBr 



H^^Br 



*$ 



^"Br 



F CH 3 

O 

r-c'-ci 



G 



CH, 



AIC1, 




A1CL 





II 
C-CH, 



AJClf 




II 



or 

CgHj^OCl 



base 

-HC1 



a 





II 

C-CH, 



(a and b) The ferf-butyl group is easily introduced by any of the variations of the 
Friedel-Crafts alkylation reaction, and, because of the stability of the rcn-butyl cation, 
it is easily removed under acidic conditions, 

(c) In contrast to the -SO-,H group often used as a blocking group, -C(CH,), activates 
the ring to further eiectrophilic substitution. 

At the lower temperature, the reaction is kinetically controlled, and the usual o/p direc- 
tive effects of the -CH, group are observed. At higher temperatures, the reaction is tlier- 
modynamically controlled. At reaction times long enough for equilibrium to be reached, 
the most stable isomer, »i-toluenesulfonic acid, is the principal product. 

The evidence indicates that the mechanistic step in which the C-H bond is broken is nor 
rate determining. (In the case cited, it makes no difference kinetically if a C-H or C-D 
bond is broken in eiectrophilic aromatic substitution.) This evidence is consistent with 
the two-step mechanism given in Section 15.2. The step in which the aromatic com- 
pound reacts with the electrophile (N0 : + ) is the slow rate-determining step. Proton for 
deuteron) loss from the arenium ion to return to an aromatic system is a rapid step and 
has no effect on the overall rate. 



L 
L 



■to 



284 REACTIONS OF AROMATIC COMPOUNDS 



REACTIONS OF AROMATIC COMPOUNDS 285 



15.50 (a) C 6 H 3 CH,Br ^F> C 6 H,CH,CN 
(-NaBr) 

(b) C 6 H 5 CH 2 Br chSh^ C 6 H 5 CH 2 OCH 3 

(-NaBr) 

(c) C 6 H 5 CH 2 Br ^COH > C 6 H 5 CH 2 2 CCH 3 

(-NaBr) 

Nal 

(d) C 6 H 5 CH,Br acetone > C 6 H 5 CH 2 I 

(-NaBr) 



NaN, 



> CH^CHCHjNj 



(e) CH^CHCH,Br acelone 

(-NaBr) 

NaOCH,CH(CH,) 2 

(f) CHi=CHCH 2 Br ( CH 3 ),CHCaOH > CHf=CHCH 2 OCH 2 CH(CH 3 ) 2 

(-NaBr) 



15.51 



B = 



±Ht 



15.52 (C 6 H,),C-0-H ^±1 (C 6 H 5 ),C 7 OH, < 



(C 6 H 5 ) 3 C-0-Et 
H 



-H* 






U 



(C fi H 5 ),C-0-Et 



- H 2°_w. +EtOH w 

* (C 6 H 5 ) 3 C + -- ' 



+H 2 



Very stable 
carbocation 



-EtOH 



15.53 



(a) CH 3 CH,CH=CHCH,Br would be the most reactive in an S N 2 reaction because it 
is a 1° allylic halide. There would, therefore, be less steric hindrance to the attacking 
nucleophile. 

(b) CH-,=CHCBr(CH,), would be the most reactive in an S N 1 reaction because it is a 
3° allylichalide. The carbocation formed in the rate-determining step, being both 3° and 
allylic, would be the most stable. 

15.54 The final product is o-nitroaniline. (The reactions are v Section 15.I4.) The pres- 

ence of six signals in the l3 C NMR spectrum confirms that the substitution in the final 
product is ortho and not para. A final product with para substitution (i.e., /;-nitroani- 
litie.) would have given only four signals in the ,3 G NMR spectrum. 

*15.55 CH : OH€HOHCH ; OH (Glycerol) After sodium borohydride reduction of the alde- 
hyde, ozonolysis oxidatively degrades the aromatic ring, leaving only the polyhy- 
droxy side chain. Water is an alternative to HOAc sometimes used to work up ozonol- 
ysis reactions. 



QUIZ 



'■15.56 COOH 

HO— C — H 

, (Threomc acid) 

H-C-OH 

CH 2 OH 

Ozonolysis oxidatively desrades the aromatic rings, leaving only the carboxyl carbon as 
a remnant of the alkyl substituted benzene ring. Water is an alternative to HOAc used 
to work up the ozonolysis reaction. 



15.1 Which of the following compounds would be most reactive toward ring bromination? 

1 f 

NHCCH 3 C-CH 3 CH 3 

(c) (Q) (d) (0) (e) 

15.2 Which of the following is not a meta directing substituent when present on a benzene 
ring? 

(a) -C 6 H 5 (b) -NO, (c)-N(CH 3 ) 3 + (d) -C=N (e)-C0 2 H 

9 

15.3 The major product(s). C, of the reaction, tfjj 

(a) (fV r m [Q 





> C , would be 




(d) Equal amounts of (a) and (b) -(efcn V nounts of (a) and (c) 



1 
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15.4 Complete the following syntheses. 




(b) 



0^°" 



-CI 



0>^0> 



*€H-0 



®<*^>* 



<m. 



; 



n 



ALDEHYDES AND KETONES I. 
NUCLEOPHIUC ADDITION TO THE 
CARBONYL GROUP 



SOLUTIONS TO PROBLEMS 



o 



o 
II 



16.1 (a) CH,CH,CH,CH 2 CH CH,CH 2 CHCH 

CH, 



O 



Pentanal 

CH 3 

CH,C-CHO 

3 I 
CH 3 

2,2-Dimethylpropaoal, 2-Pentanone 





CHX'HCCH, 

3 I 



CH, 
3-Methyl-2-butanone 



M 



:ch, 



O^ 



o 

CH,CHCH,CH 
3 I 
CH, 



2-Methylbutanal 3-Methylbutanal 



(J 
I.I 



CH,CH 2 CH 2 CCH, CH 3 CH 2 CCH 2 CH 3 



3-Pentanone 



CH 




CH, 



Acetophenone or Phenylethanal or 2-Methylbenzaldehyde 

methyl phenyl ketone phenylacetaldehyde (o-tolualdehyde) 





CH, 



3-Methylbenzaldehyde 4-Methylbenzaldehyde 
(m-tolualdehyde) (p-tolualdehyde) 
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16.2 (a) 1-Pentanol, because its molecules form hydrogen bonds to each other. 

(b) 2-Pemanol, because its molecules form hydrogen bonds to each other. 

(c) Pentanal. because its molecules are more polar. 

(d) 2-Phenylethanol, because its molecules form hydrogen bonds to each other. 

(e) Benzyl alcohol because its molecules form hydrogen bonds to each other. 

O 
per 1 1 

16.3 (a) CH 3 CH,CH 2 OH ^^ > CH 3 CH,CH 



CHCI, 







... «,,,.-:,.„>... ^^ ch 3 ch^c. UMH ^^K v&mJk 



diethyl ether 



16.4 (a) 



©> ^©-^O 



(I)HCHO 
MgBr — ► 



(2) H 3 + 




PCC 



HO 



(b) 



/pSX (1) KMn0 4 , OH ", heat /F^\ 

4#^ m* > (y>^ 



SOCl, 
H --> 




UAIHIOCCCH,),], 

oci — : — -^- 

diethvl ether 



<^c„o 




(O CH,CH : Br HCXNi V CH,CH : C =CH ' ur HS "> CH 3 CH 2 CCH, 



H,0 



H,0*. ttjT i 

(d) CH,CsCCH 3 ' HiQ " > CH 3 CH 2 CCH 3 



te) 



OH 



(f) 



(a) 



► <0H' c "' 

s — ' 

^S\ (CH,),CuLi $F%k 

PH cl —^—* (OHp- 



CHjCOCl 
AICI, 
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(h) 



/ s w 



SOCl, . 
OH ="> 



II (CH,),CuLi 

"CI : — 



:ch, 



(i) 



ther 
' NMgBr 



V— V \V '/ - diethyl ethe 

/ \ P * / \ WMgur 

a^}y-CHjCCH 2 CH 3 *^- U^T)-CH,CCH,CH 

O 

(1)i'-Bu,A1H II 

(j) C 6 H 5 CH 2 CN ^gj > C 6 H 5 CH 2 CH 

O 

(l)i"-Bti,AlH II 

(k) CH,(CH 2 ) 4 C0 2 CH 3 (2) HiQt ► CH 3 (CH 2 ) 4 CH 

16.5 (a) The nucleophile is the negatively charged carbon of the Grignard reagent acting as 
a carbanion. 

(b) The magnesium portion of the Grignard reagent acts as a Lewis acid and accepts an 
electron pair of the carbonyl oxygen. This acid-base interaction makes the carbonyl car- 
bon even more positive and, therefore, even more susceptible to nucleophilic attack. 



c=d; 



Mg-X 



-O-MaX 



-/ 



R 
5- 

(c) The product that forms initially (above) is a magnesium derivative of an alcohol. 

(d) On addition of water, the organic product that forms is an alcohol. 



16.6 The nucleophile is a hydride ion. 

16.7 C=0: + .0 <£- 

H V^^-"- 7 H 



H 

I ••- 

H-C-Oi <- 

I " 
H-0: + 



H 

I -■ 
H-C— OH 
I - 
:0H 
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16.8 Acid-Catalyzed Reaction 

f JHV <$^-—^3 OH 

CH3-C-CH3 +=£■ CH3-C-CH3 < £ ch-c-ch, 3g*3 



-i-r 



-H"0 



B,"0 + 



+hT 



OH +OH, 

J +pt^ 1 2 -Ho -tf- 

CH3-C-CH3 ^=* CH3-C-CH, .< -fr CH,-C-CH, g~T~ 

,! OH "OH ' "OH* 



Base-Catalyzed Reaction 

OH' + H 2 "0 ^Z*: H 2 + "OH" 



CH3-C-CH, 

II 3 



es 



OH 



H n 

II i. I H:" , ( OH,. 

CH3-C-CH3 + "Off ^z: CH3-C-CH3 <=^ CH3-C-CH, < — * 

k 3 I 3 OH' 3 I 3 H.0 

l! OH "OH 



cm 



C-H-, C CH7 ^jt 



-OH". 



+OH~ 



CH,-C-CH 3 



16.9 



CH,OH 4 



Acetal group 




"0"- J "O 

Acetal group - 



CH 2 OH 
MO^Al^O HOCH, 



hoV— -^A 




CH-.OH 



OH 



16.10 



Sucrose 



£h- # 



Sucrose 



j 1 ! (/ -HO-CH, V^7 I X OH +H* 



/C^\ /" + +HO-CH3 



16.11 



•'CY-CH 




f-'O^-CH, 



H OH 2 +H.0 



CT-CH, 



C=OCH 3 
H 



OCH 






H OCH 



H OCH, 
(acetal) 



H,C 
H,C 



+HOCH,CH,OH H 3 C \ /°~ H 
t=OH < g C 

K H^c' -HOCHCHPH HjC / \^ CH2CH;0H 

H 



HLC 

\ _+H^. \ + 

C=0 :*r J ~ 



H 



-H.0 



H.C O-H „ H,C Co^H 

%zp / \ ^5F / \- +H,0 

H 3 C OCH,CH,OH H 3 C OCH,CH,OH ' 



C=pCH 2 CH 2 OH 



H,C O-CH, pr H3C .O-CH, 

/ \ ! +Fr / \ I 

H,C O-CH, H 3 C O-CH, 




16.13 (a) 



CO,C,H, 
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(b) Addition would take place at the ketone group as well as at the ester group. The 
product (after hydrolysis) would be. 



HO. 
CH 3 



OH 

I 
C-CH 

I 
CH, 
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/ \ / S_( T H 2 



16.15 (a) / \=o + HSCH 2 CHjSH BF| > 



Raney Ni 



UVI 



S-CH 2 



H, 




16.14 (a) 



+H\ 



8i 



+ROH, 








-H\ 



H 




0-R 



(b) Tetrahydropyranyl ethers are acetals: thus, they are stable in aqueous base and hy- 
drolyze readily in aqueous acid. 




+H\ 




"D" "0-R \jj "6-R 



-ROH^ 



no 

- > 



o 




Xr"6-H 

H 




OH 





^ II 

<==: HOCH,CH,CH_,CH,CH 

5-Hydroxypentanal 




(O H0CH,CH,CH 2 CH 2 C1 J > OCH,CH,CH 2 CH 2 CI 



m 




o 
ii 

CH,CCH, 
ItfF" "0' X>CHX'H,CH 2 CH 2 MgCl - —*> 



CH, 




I NH, 1 - 
"O^ OCH,CH,CH,CH,COMgCl *-*> HOCH-,CH,CH 1 CH,COH 

-| H,0 * 1 

CH; CH; 

O 
II 
(+ HOCH,CH,CH-,CH-,CH) 



/ k O 

/^~N\ 1 1 BF, 
(b) (fj\-cn + HSCH 2 CH,SH H* 



CH 



SHca 



S-CH, 



Raney Ni 
H, ' 



& 



CH 3 + CH3CH3 + NiS 



16.B1 



H - C ^ N - H H 2 N-E 



16.B2 




E — B: 
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16.16 (a) CH 





CH HCN 



OH OH 

I HCI, H,0 | 

> CH 3 CHCN reflux > CH 3 CHCO,H 

Lactic acid 



(b) A racemic form 



mi (a) CH 3 I ^^V teV*Wtt ^+ C 6 H 5 C=CH 2 



(2) RLi 



I 
CH, 



(D(C 6 H 5 ) 3 P 



O 
C 6 H 3 CCH 3 



(b) CH 3 CH 2 Br ; 2) M R1 ^' 3 » CH 3 CH-P(C 6 H 5 )3 ^±^> C 6 H 5 C=CHCH 3 



CH, 
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A 

16.18 (C 6 H 5 ) 3 P^+ C( . H . V C C^ H 

H / CH, 



QH< 



<V^ 1 

H^C-C^h 



L 

(C 6 H 5 ) 3 P + 



CH, 



.CH, 



# CH, C 6 H 54 A n 3 

H»-'CtC'-" h ** H^c-C^ H 

hJ-i LL 

(C 6 H 5 ) 3 P^O (C 6 H 5 ) 3 P + O 



(O ICH 2 -P(C 6 H 5 ) 3 ^a> H3C \'^H 3 



[from part (a)] 



(d) :CH,-P(C 6 H g ) 3 
[from part (a)] 



H 3 C 



CH, 



(1)(C 6 H,),P 




(e) CH 3 CH,CH,Br p|R ^. 53 ► CH.CH,CH -P(C S H 5 ) 3 



O 
II 
CH 3 CCH,CH, 



CH, 
CH 3 CH 2 CH=CCH,CH, 



(0 CHf=CHCH,Br 



nxc 6 H 5 ),p 



(2) RLi 



* CHf=CHCH-P(C 6 H s ) 3 



o 

I] 

C S H,CH 



C fi H,CH=CHCH=CH, 



c=e + (c 6 h 5 ),po 

H H 



Zn 



OZnBr 
16.19 (a) (CH 3 ),C=0 + BrCH,CO,CH,CH 3 T^Je^* (CH 3 ),CC'H,CO,CH,CH 3 

OH 
'+■■ (CH 3 ),CCH,CO,CH,CH 3 



H,O r 



(b) 



/ \ (1) Zn, benzene 
( )= + BrCHCOXH 2 CH 3 7^^ v 

X ' CH, 





II (1) Zn, benzene 

(c) CH 3 CH,CH + BrCH,CO,CH,CH 3 (2)Hi0 ^ heat 



OH 

CHCO,CH,CH 3 
CH, 



\ 



CH 3 CH,CH,CH,CO,CH,C'H 3 



H, 



Pt 



CH,CH 1 CH=CHCO,CH,CH, 



(g) QH,CH,Br 



(l)(C a H 5 ) 3 P 
(2) RLi 



> C 6 H 5 CH -P(C 6 H 5 ) 3 



o 
II 

C ft H«CH 



16.20 



0*. HO 

II- 3 I II 

C-H + :0-0-C-R 



OH 

C-O-O-C-R 

H 



C 6 H S CH=CHC 6 H 5 



&, 



oh Am R 

] Ml -RCOH 

C-O-rOj-C-R 

1 VJ 

H 



01 



3-H 
fT-Xt H: 



c- A o 

I + lion 



1 — \ ° 

O 1 



OH + H + 
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16.21 The product is a lactone, formed as follows: 



K 



iS" 




H O 

I II 
+ 0-O-C-R 



HO O-O-C-R HO OrOrC-R 





u 

II 

-RCOH 



U<3 -H + V 




(a lactone) 





II 



16.22 CHjC— O— CHCH 3 The isopropyl group has a greater migratory aptitude than 
CH 3 
the methyl group. The mechanism is as follows: 



C ll 

CH, 

I " 
(CH,),CH 



H O 

\? II 

C + ,:0— O— C— R 



OH O 

CH,— C— O— O — C— R ■< 

(CH,) 2 CH 



H + 



OH <*OH 

i Hi 

CH 3 — C-O-OjC-R 
(CH,),CH 



o 
II 

-RCOH 



O-H . O 

|"*- J .. t isopropyl || 

CH ^r? i ^nl^r^ CH,C-OCH(CH 3 ), 

(CHACH migration 

32 + H* 



16.23 (a) HCHO 

(b) CH 3 CHO 

(c) C 6 H 3 CH 2 CHO 

(d) CH3COCH3 

(e) CH 3 COCHjCH 3 

(f) CH 3 COC 6 H 3 

(g) C 6 H,COC 6 H 5 
/\XHO 



CH,0 



(1) 



» 



CHO 



(j) CH,CHj ! GOCB,.CM, 



Methanal 

Ethanal 

Phetiylethanal 

Propanone 

Butanone 

1-Phenylethanone or methyl phenyl ketone 

Diphenylmethanone or diphenyl ketone 

2-HydroxybenzaIdehyde or o-hydroxybenzaldehyde 

4-Hydroxy-3-methoxybenzaldehyde 
3-Pentanone 



(k) CH 3 CH 2 COCH(CH 3 ) 2 

(I) (CH 3 ) 2 CHCOCH(CH 3 ), 
(m) CH 3 (CH 2 )jCO(CH,) 3 CH, 

(II) CH,(CH 2 ) 2 CO(CH 2 ),CH 3 
(0) C s H,CH=CHCHO 

16.24 (a) CHjCHjCHjOH 

(b) CH 3 CH 2 CHOHC s H 3 

(c) CH 3 CH,CH 2 OH 



(d) CH 3 CH 2 C-0' 

(e) CH 3 CH 2 CH=CH, 

(f) CHjCRjCHjOH 



O— CH, 



(g) CH 3 CH 2 CH 

O— CH 2 
(h) CH 3 CH 2 CH=CHCH 3 



16.25 (a) CH3CHOHCH3 

(b) C 6 H s COHCH 3 

CH 3 

(c) CH3CHOHCH, 

(d) No reaction 

CH 3 

(e) CHjC^CHj 



(f) CH 3 CHOHCH 3 



H,C 0— CH, 

(g) A J 

H 3 C O— CH, 
(h) CH 3 CH =C(CH 3 ) 2 

OH 
(i) CHjCCHjCOjCft 

CH, 



2-Methyl-3-pentanone 

2,4-Dimefhyl-3-pentanone 

5-Nonanone 

4-Heptanone 

3-Phenyl-2-propenal 

(i) CH 3 CH 2 CHOHCH 2 C0 2 C 2 H 5 
(j) CH,CH 2 COj Nil/ + AgJ- 
ml CH 3 CH 2 CH-NOH 

(I) CH 3 CH 2 CH=NNHCONH 2 
(m) CH 3 CH 2 CH=NNHC 6 H S 
(n) CH,CH 2 C0 2 H 

S— CH, 



/ 



(0) CH,CH 2 CH 



\ 



H 2 



(p) CH 3 CH 2 CH 3 + CH3CH3 + NiS 

(j) No reaction 

(k) CH 3 C=NOH 
CH, 

(1) CH 3 C=NNHCONH 2 
CH 3 

(m) CH 3 C=NNHC 6 H 5 
CH, 



(n) No reaction 
(o) 



H,C S— CH, 

y 

/ \ 

H 3 C S— CHj 



(p) CH,CH : CH, + CH,CH, + NiS 
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16.26 (a) 



(c) 




C-CH, 



CH 3 
CM (( ))-C=NNHCH, 



m 



(e) 



X6.27 (a) 



CH, 
CH, 



(QVcHCH, 

* ' OH 



Q 

\^ "NO, 

S ? OH X ' 

OAIC1, //~\\ '■ I 

+ CH 3 CH,CH,COCl ** <Y)V-CCH,CH,CHj 



fl 



+ (CH 3 CH,CH,CO),0 



AICU 




-CCH,CH,CH, 



o ** o 



(1) Li, diethyl ether 
Br 5 

(2) Cul 

O 
II 
CH,CH,CH,CC1 t 



Zn(Hg) 




(b) 



QVcCH,CH,CH 3 



HC1 

NH,NH n 



OH", heat 
HSCH,CH,SH 



CuLi 



:ch,ch,ch 3 



CH,CH,CH,CH 3 



/Q\-CH,CH,CH,CH 3 



H" 



S— CH, 



a^)V-CH,CH,CH 2 CH 3 



/ S— CH, 
CH, 

I - 
CBj 

CH, 



Raney Ni 
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16.28 (a) 



(b) 






NaBH 4 
HO » 



H,OH 



Aa(NH,), + H,O t 

_- — ^> — I — > 

NH, 



Oh^ 



(c) (O/^' -" 

[from (b)] 



SOC1, 



<OKoc 



MgBr 



OH 



H 3 + /^\ T /pNV H,CrO /^\ II /p^X 

-^ <q>- c ' h aQ) — " o^-<y> 



1 



ft 



(e) 



[from (c)] 

<TJ)Vc'Cl + (CH 3 ),CuLi $» <YJ)V-CCH 3 + CH 3 Cu + LiCl 

[from (c)] 



(ft 



f%l* f3** £&£. 



' ■ CH, 



<^>-CH 2 OH **+ <P^'H 2 Br 



<!<• (! ir-CH,0'H 
[from (a)] 
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u) C^H^ afe^ <0^ H3 



[from (h)] 
or 



nJ- K 



HSCHCH,SH 

BF, ' ' : 



DM; 



S— CH, 



S— CH, 



Raney Ni 
(H 2 ) 



■ ®** ^ <0>£» 



OCH, 

O 



<k) 



/ Cjyc-R , > (OV-C-H (See P roblem 16 - 8 

V— V HV'O 4 \v_y/ for the mechanism) 






:hcn 



(a cyanohydrin) 



B 



, //~\\ n nh,oh A-A 

n) (f))-C-H -3 ft Oj)V-CH=N. 



-NOH 



(an oxime) 



(a phenylhydrazone) 



(0) (Q^"" + H.NNHC.H, CH "^ H > <Q)-CH=NNHC 6 H 5 

(P) \0/ C_H + H 2 NlNHCONH 2 

/ \ I " / \ 

(C,) (O/ 0-11 + ( C 6 H 3 )3P-CHCH=CH 2 ft (O/ 



(_)V-CH =NNHCONH 2 
(a semicarbazone) 



H=CHCH=CH, 



(a Wittig reagent) 
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16.29 (a) 





+ CH 3 CH,?C1 -^> ^ 


1 
XCH 2 CH 3 


(M 







II 

„c-ci 

+ (CH 3 CH 2 ),CuLi p 



/\^CCH,CH 3 


(c) 





'- C=N (2) H,0* 
+ CH 3 CH,Li -^-^ — ft 



/\ixH,CH 3 

OH 


m 





^CHO (21H.O* 
+ CH 3 CH 2 MgBr 1 — J — ft 


^YCHCH 2 CH 3 Hp0j 

K^ * 

/\,CCH,CH 3 



a 



16.30 (a) 






PCC w 



/ \ W 



I SOCI, 
C-OH '-> 



8 



1 



//-X\ II LiAlH[O C(CH 5 ) 3 l 3w //^YvJ u 

((JK-ci KUf-8 



(c) 



o<* 



(l)KMnO.,, OH' 

CH : ft 

(2) H,0 + 



o°.» *■ C^- H 



/S~-\\ (MSM 

ld) OH k 



(l)KMn0 4 , OH" 



OH H 



[as in (b)] 



■■ 



o^~» 



(e) /fS\J_orH <»('-Bu) 2 AlH.h.xane,-78°C /pX" 

XW/ 1 " 3 (2ih,o \w/^ 



(f) 



/^\ (l)(i-Bu) 2 



(2) H 2 

(1) (;-Bu) 2 AlH,hexane, -78°C 



<0-'-« 
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CH, 



16.31 





OH 



CH, 



H,Cr0 4 




O 



(l)CH,MgI 

(2) NH, + 




OH 



H + 



heat 



B 

O 



C 



(1)0, II (1 Ag,0,OH 

^rr-J > 0=CHCH,CH,CH 1 CH,CCH 3 —~-f * 

(2)Zn,H0Ac , 12 2. 3 (2) H + 

b 



o o 

ii n 

HO-CCH,CHXH,CH,CCH 3 



OH 

II BrCHXCEt H,CT I H* 

16.32 CHX'H > - J — > CH 3 CHCH,CO,Et — S-» 

Zn W 
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(c) 



,CH3i 




2)C„H,Li ^— / 




CH-P(C 6 H<), |i 

" ' C«H,CH=CHCH 



(a Wittig reagent) 

„CH=CH-CH=CH 




CO. 



O) 



/\TH : MgBr o , . ... - 

(d >[QT + h-1Wh; 2 ^ [■' _ ; 

[from (a)] 



OH 
I 
CHXHCHX'H, 




H ; CrQ.i 

* 

II 

CHXCHXH, 



H, (l)DIBAL-H 

CH 3 CH =CHC0 2 Et —^> CH 3 CH 2 CH 2 C0 2 Et 

L ' M 



CHO 




- OL ■=• O 



,tl 


a)H '°' \ 

CH 3 CH,CH 2 CH 


H- 




II 
-C-H 



OH 



OH 



The compound C 7 H 6 0, is 3,4-dihydroxybenzaldehyde. The reaction involves hydroly- 
sis of the acetal of formaldehyde. 



16.34 (a) 




CH,Br 



>Qf' 



CH.MaBr 



( 1 ) CH,CHO 
(2lH,0" 




o 



OH 

I 

CH,CHCH, 




(from (a)] 



CH,MgBr 



O^ 
(UCH,— CH, 



(2>H,0' 




o 



CH n CH : ,CH.,OH 




o 



PCC 
CH,C1,\ 

CH,CH,CHO 



16.35 BrCHXHX'HX-H 



|| HOCH,CH,OHir 



> BrCH,CHXH,CH 
- \ 
A 



, 

/ i We 



El,0 



BrMgCH 2 CH n CH 
B 



™, 



Qkw OH 

| -| li^CHp^ ! HCHXHX . H ^! _ H 

: \ J (2lH,O f .H,0 3 " - " 

or ' - c 




CH, 



iliCH.OH 
l2l H T 
"OH 

(a hemiacetal) 
16.36 (a) (CH,) : S0 4 . NaOH. or CH 3 I. NaOH 
(b) PCC/CHXl, 




OCH, 
D (an acelal) 

™ 3 
(c) Zn. BrCHCO,Et. then H 3 



(d) LiAlH,, then H 2 Intermediate is CH 3 ~(C_)}~ CH0 
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16.37 CHf=CHCH,OH 



OCH, 

CH,C1, - H* I 






OCH, 



OCH 

M^* CH,-CH-CH 
cold, dilute I - I I 

OH OH OCH 3 



■%h± CH,-CH-CH 
H,0 | 2 | 



OH OH 
Glyceraldehyde 



The product would be racemic as no chiral reagents were used. 




O 



16.38 CH 3 C— C , H 

CH,CH 3 



HO 



NaBH 



1^ H^ 




D 



H 



H 3 C CH,CH, H 3 C 




D 



_i_ HO«*^/ /■■■ 

-■ \ " + .__/ c ~V H 



(i?)-3-Phenyl-2-pentanone 



(R) 



(R) 



£$ 



CHXH 



Diastereomers 



16.39 BrCH 2 (CH 2 ) 7 CH,Br " " > (C 6 Hj) 3 P-CH(CH 2 ) 7 CH-P(C 6 H 3 ) 3 



(2) RLi 



O 
2CH,(CH),,CCH, 



CH, 



CH, 



H, 



> CH,(CH 2 ) 11 C=CHCCH 2 ) 7 CH-C(CH 2 ),,CH 3 — H> 



B 



Pi 



CH, CH, 

J ' 



CH 3 (CH 2 ), ,CH(CH 2 ) S CH(CH 2 ), ,CH 3 



16.40 (a) Ag(NH,j : + OH~ (positive test with benzaldehyde) 

(b) Ag(NH,),+OH~ (positive test with hexanal) 

(c) Concentrated H,SO. ( (2-hexanone is soluble) 

(d) CrO, in H,S0 4 (positive test with 2-hexanol) 

(e) Br, in CCl 4 (decolorization with C ( ,H,CH=CHCOC 6 H 5 ) 

(f) Ag(NH,)-, + OH~ (positive test with penlanal) 

(g) Br, in CCl 4 (immediate decolorization occurs with end form) 
(h) Ag(NH,),+OH~ (positive test with cyclic hemiacelal) 



3 i 
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16.41 Compound W is 

multiplet 8 7.3 

Compound X is 

multiplet 8 7.5 



singlet 5 3.4 




[R peak near 1715 cm"' 
(I)KMn0 4 , OH", heat 



(2) H-,0* 



*a 



O 

II 

COH 



CH, -/^ triplet 5 2.5 



COH 

II 


Phthalic acid 



triplet 8 3 1 

16.42 Each 'H NMR spectrum (Figs. 16.4 and 16.5) has a five-hydrogen peak near S 7.2. sug- 
gesting the Y and Z each has a C 5 H 5 — group. The IR spectrum of each compound shows 
a strong peak near 1 7 10 cm ~ '. This absorption indicates that each compound has a C=0 
group not adjacent to the phenyl group. We have, therefore, the following pieces. 



€^ 



o 
II 

and — C- 



If we subtract the atoms of these pieces from the molecular formula, 

C H) H 12 
- C 7 H ? Q (CftH, + C=0) 

We are left with, C,H 7 

In the 'H NMR spectrum of Y. we see an ethyl group [triplet, 5 1.0 (3H) and 
quartet, S 2.45 (2H)| and an unsplit -CH 2 -group [singlet. 5 3.7 (2H)]„ This means that 
Y must be 



©^ 



8 



l-Phenyl-2-butanone 

In the 'H NMR spectrum of Z, we see an unsplit -CH, group [singlet. 5 2.1 (3H)] and 
two triplets at 5 2.7 and 2.9. This means Z must be 

((^J>-CH 2 CH 2 CCHj 
4-PhenyI-2-butanone 
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16.43 That compound A forms a phenylhydrazone, gives a negative Tollens' test, and gives an 
IR band near 1710 cm - ' indicates that A is a ketone. The l3 C spectrum of A contains only 
four signals indicating that A has a high degree of symmetry. The information from the 
DEPT '-C NMR spectra enables us to conclude that A is diisobutyl ketone: 

(a) (b) (c)O 
(CH 3 ),CHCH,CCH,CH(CH3), 

m. 

i 

Assignments: 

(a) 8 22.6 

(b) 5 24.4 

(c) 5 52.3 

(d) 5 21 0.0 

16.44 That the 13 C spectrum of B contains only three signals indicates that B has a highly sym- 
metrical structure. The information from DEPT spectra indicates the presence of equiva- 
lent methyl groups (CH, at d 18.8), equivalent -C- groups (at 6 70.4). and equivalent 

^C=0 groups (at 8 215.0). These features allow only one possible structure for B: 







(a) 



% 



(c) (b) 



-CH, 



V 



CH, 



Assignments: 



(a) 8 18.8 

(b) §70.4 
M 5 215.0 

16.45 The two nitrogen atoms of semiearbazide that are adjacent to the C=0 group bear partial 
positive'charges because of resonance contributions made by the second and third struc- 
tures below. 



ALDEHYDES AND KETONES I. NUCLEOPHILIC ADDITION TO THE CARBONYL GROUP 307 
16.46 Hydrolysis of the acetal linkage of multistriatin produces the ketodiol below. 



O HO 



OH 



16.47 



v~-V u. \ f ' N ' cm 



heat,/iv : 
or peroxide 




16.48 



The gf/n-diol formed in the alkaline hydrolysis step readily loses water to form the alde- 
hyde. 

O H 
CH 3 C— C— CH 2 CH 3 or its enantiomer 



16.49 The general formula for an oxime is 

\ OH 

w 

/ • 

Both carbon and nitrogen are sp 2 hybridized; the electron pair on nitrogen occupies one 
sp 2 orbital. Aldoximes and ketoximes can exist in either of these two stereoisomeric tonus: 



(R')H OH 

\ / 

C=N. 
/ 
R 



(R')H 



/ \ 

R OH 



This type of stereoisomerism is also observed in the case of other compounds that pos- 
sess the C=N group, for example, phenylhydrazones and semicarbazones. 



O 

II ■- 



0" 

I 



H 2 N-N-C-NH, <— > H,N-N=C-NH 2 

H 



H 3 N-N-C=NH, 
H 



Only this nitrogen is nucleophilic. 
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16.50 p~~f 



O 



^ 



+ (CH 3 0) 2 P 



AcO H 



*16.51 R^Y^C. 
NH, 



Imine 

exchange 

with 

Enz— N=PLP 

(see problem 16.B1) 





R s ¥m 



NH, 



Imine 
exchange 

with 

Enz— NH, 

(-Enz— N=PLP) 



H 
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*16.52 (a) O— H stretch at about 3300 cm - ': C=0 stretch at about 1710 cm -1 

(b) ^O^ ,OH 

(Intramolecular hemiacetal 

from A) ' 



QUIZ 



46.53 CH,0 




CH, 



=/ CH,OH 



CH,0 



16.1 Which Wittig reagent could be used to synthesize C 6 H 5 CH=CHCH 2 CH 3 ? (Assume 
any other needed reagents are available.) 

(a) C 6 H 5 CHP(C 6 H 3 ) 3 



(b) C 6 H 3 CH=CHCHP(C 6 H 3 ) 3 

(c) CH 3 CH 2 CHP(C 6 H 3 ) 3 
16.2 Which compound is an acetal? 



(d) More than one of these 

(e) None of these 



(a) C 6 H 3 CHOCH 3 



OH 



(b) 






(d) More than one of these 

(e) None of these 



^O" "OCH, 



(c) 



16.3 Which reaction sequence could be used to convert C 6 H 13 C = CH to C 6 H 13 CCH 3 .' 

(a) O,. then Zn. HOAc. then A1C1 3 . the CHjCOjH 

(b) H,S0 4 , HgS0 4 , H 2 0, heat 

(c) HC1, then CH 3 CO,H 

(dl 0> then Zn. HOAc. then H 2 S0 4 . HgS0 4 . H : 0. heat 
(e) CH 3 C0 2 H, then H 2 2 , OH _ /H 2 
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16.4 Complete the following syntheses. If more than one step is required for a transform- 
ation, list them as (1), (2), (3), and so on. 



(a) 



CH* 



NBS . 

W. ■ 



THF 



C^-C'H-C^ 



^ H r« 



(b) CI 



^QVcHjOH 



> CI 




O-CH, 



(c) CH,CH 2 CH 2 -Br 



CH 3 CH 2 CHP(C 6 H,) 3 



C.H.Li 




(d) 



-CI 



CH,CH, 

/ 

H 
B 



s 

N 



:-ch, 



? H 



1 ' r<T_r KTTLT 



CH,NH, 



^ 



■ & ALDEHYDES AND KETONES II. 
ALDOL REACTIONS 



SOLUTIONS TO PROBLEMS 



17.1 



2,4-Cyclohexadien-l-one 
(keto form) 



o 0K 

Phenol 
(enol form) 



The enol form is aromatic, and it is therefore stabilized by the resonance energy of the 
benzene ring. 

m x a 

17.2 No. ,c — CC 6 H 5 does not have a hydrogen attached to its a-carbon 

H 5 C 2 / 

H 3 C 
atom (which is a stereocenter) and thus enol formation involving the stereocenter 



HA« 







5 ^\ II 

is not possible. With ,„.C — CH 2 CC 6 H 5 the stereocenter is a P carbon 

H 3 C' | 

H 

and thus enol formation does not affect it. 



17.3 InOD7D,0: 



CH 



Sjhl-| 



1 > 

In DjO^O: 
CH, o 

c— cr 

I Si, 



C + OD" <I 



CjHj-C-C 



9 H 3 J0 D,0 



CH, 

D <W 

+ enantionier 



+Dt 



C,H 5 -C-C' + D,0' ^^ CH-C-C 



CH 3 /"b-D -pr H,C ,OD 



H 



H X C 6 H 5 H 5 C/ C 6 H 3 



+d h ; 



±: CH.-C-C 



CH, 5_n 



CH 3 n 
I 3 ^ u 
C,H, — C — C + enantionier 



D C 6 H 5 



D N C 6 H 5 



an 
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17 



.4 EtO" \ 




H 

cw-Decalone 





Protonation on 
the bottom face 



A large group is 
axial in c/s-decalone. 



No bulky groups are 
axial in fratts-decalone. 
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OH O 

(b) For CH 3 CH 2 CHCH,CH 2 CH to form, a hydroxide ion would have to remove a | 
proton in the first step. This does not happen because the anion that would be produced, 
that is, iCH 2 CH,CHO, cannot be stabilized by resonance. 



II 



(c) CH 3 CH 2 CH=CCH 
CH, 



0H 
17.8 CH 3 CHO 10% ^ OH i > CH,CHCH,CHO ■ - lB *ff» CHLCH =CHCHO 



IjV 



5°C 



(aldol) 



CH,CH.,CH n CH,OH 



OH 

V7..<) <;>! :> C;LCiiXH ; aiO -§^> CH 3 CH,CH 2 CHCHCHO 

CH 2 
CH, 



H,0 



17.5 The reaction is said to be "base promoted" because base is consumed as the reaction takes 
place. A catalyst is. by definition, not consumed. 

17.6 (a) The slow step in base-catalyzed racemizatioti is the same as that in base-promoted 
halogeliation — the formation of an enolate ion. (Formation of an enolate ion from sec- 
butyl phenyl ketone leads to racemization because the enolate ion is achiral. When it ac- 
cepts a proton, it yields a racemic form.) The slow step in acid-catalyzed racemization is 
also the same as that in acid-catalyzed halogenation — the formation of an enol (The enol. 
like the enolate ion. is achiral and tautomerizes to yield a racemic form of the ketone.) 

(b) According to the mechanism given, the slow step for acid-catalyzed iodinalion (for- 
mation of the enol) is the same as that for acid-catalyzed broinination. Thus, we would 
expect both reactions to occur at the same rate. 

(c) Again, the slow step for both reactions (formation of the enolate ion) is the same. 
and consequently, both reactions take place at the same rate. 



It (l)LiAIH,. El,0 

(b) Product of (a)-T,7> CH 3 CH,CH,CH=CCHO .,. u _ 

CH 3 CH 3 CH 2 CH,CH=CCH,OH 
CH, 

H CH 

(c) Product of (b)-^> CH 3 CH 2 CH 2 CH 2 CHCH,OH i 

CH, 



OH 
(d) Product of (a) — '■& * CH 3 CH 2 CH,CHCHCH,OH 

CH 3 



17.7 (a) 



CHXH,CH 



+ OH" 



O 
CH3CHCH 



H,0 



CH 3 CH 2 CH 




CH,CH,CHCHCH 
CH, 



H,0 



CH,CH,CHCHCH 

3 - I 

CH, 



OH 
I II 

CH 3 CH 2 CHCHCH 



+ OH" 
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:0 CH, 
II I 



:6h CH, 



17.10 CH 3 CCH=CCH 3 + HC1 4fr 
(shown in text) 



ii T 
3Z CH,CCH=CCH 3 + CI <- 



OH CH 3 
CHf=C-CH=C-CH 3 + HC1 



:6 ! ^OH 

CH 3 CCH 3 + HC1 X&k CH 3 CCH 3 * CI 



A 



CH, 



CH, 



:6h CH, 



HO=C * + CHf=C-CH=C-CH, <=^ HO-C-CH 1 -C-CH=C-CH, 

CH, 



~CH, CH, 

^ +y 1 1 3 ii i 3 -ho 

±t H,0-C-;-CH-C-CH=C-CH 3 — r 



CH, 



CH, CH, 

I II i 

i> CH,C=CHCCH=CCH, 

2,6-Dimethyl-2,5-hepta- 

dien-4-one 



17.11 Drawing the molecules as they will appear in the final product helps to visualize the 
necessary steps: 



' H,C 




ch 3 ; 



Mesitylene 



The two molectiles that lead to mesitylene are shown as follows: 
CH 3 



o= 



CH, 



"CH 
I 



*F"N) H ^ " CH3 



This molecule (4-mefhyl-3-penten-2-one) is formed 
by an acid-catalyzed condensation between two 
molecules of acetone as shown in the text. 
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The mechanism is, 



CH 3 

0=C + h* ^=^ h6=c 
I I 

CH 3 CH 



CH 3 



CH > °^CH JSL 



II 
3 H 3 C X X CH 3 



\J QTH 
H-GlT N CH, 



■H" 



CH, 



HO-C- 



"CH 



C 
HC^ V CH 3 



CH 3 

CH HO^^ 

ft I ?" CH 

HO=C. + U| : 

V CH 3A 

LU 3 HjC^ CH 3 



HO=C 



CH 
I 



HO=C. 

%j pea 



HO-C- 
I 
CH 3 

CH, 



3 ,c 



ri H -H,0 



-Ctt CH 3 



H 3 C 



HO-C^. 
fc CHjJ ^ — 

J^&T^eB, h 3 c^ C ^ Xch 3 h..l' r I-- Mt, 



<- 



HO. .CH, 
C ' 
H-Cff -& 



r 1 ^ ^nu r 



H,Cl7 XH 3 



+Ht 



H-^CH" "CH .s-,,0 



,C\\ JL 



Iff 



17.12 



H 3 C CH CH, 



^ CH .° H tS^ 



CH 3 

l li 

H.C" ^/ "CH, 
H 



/ \ i Propanal 

<\ /h c - H ^H- 



«v f 9 

CH, 



C„H u O 



W //- c=( t'^- h ^ 



(> ../-CH^H-C-H 
CH 3 

Lily aldehyde (C 14 H 20 O) 
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I7.I3 



Q- 





CH + CH,CHO 



10% NaOR heat , 



5'C 



O^ 



CH=CHCHO 



17.14 Three successive aldol additions occur. 



First 

Aldol 



II 
CHjCH 

K> 
HCH + 


+ OH" 



JJ 
-:CH,CH 


> 




II 

" :CH,CH + 


Addition 




O 

II 




■< 


OCH,CH,CH 





'OCH,CH,CH + H P <=^ HOCH 2 CH 2 CH + OH" 



Second 

Aldol 

Addition 



O 
HOCHjCHjCH + OH" 

a s&za l 

HCH +/HOCH,CHCH 



CH,0 



O 
HOCH,CHCH + H,0 



CH,0 
it HOCH.CHCHO 



Ctt,OH 



HOCH^HCHO + H 2 <=^ HOCH 2 CHCHO + OH 



Tliird CH,OH 

Aldo1 HOCHXHCHO + OH" 

Addition 



CH,OH 
ft HOCH 2 C-CHO + H 2 



K) CH,OH CH,OH 

HCH + HOCH,C-CHO ^=^ HOCH--C-CHO 

* Z-'i - 



CH,0 

CH,OH CH,OH 

HOCH-C'-C'HO + H,0 <=^ HOCH-C-CHO + OH" 

CH.O" CH ^ 0H 
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17.15 (a) CH,CO,H + BF, 



CH,CO,BF, + H + 




Pseudoionone 




m 




(3-Ionone 



(b) In /3-ionone both double bonds and the carbonyl group ate conjugated; thus it is 
mote stable. 

(c) /3-Ionone, because it is a fully conjugated unsaturated system 



17.16 (a) (f^-H + CH 2 N0 2 ^> " 
CH, 



H^O>- C 



CH=C-NQ, 

I 
CH 3 




(b) HCH + CH 3 NO, dllOH > HOCH,CH,NO, 



17.17 (a) "iCH-CsN: 



OHU=C=N: 



EtO' 
(b) CH 3 — CsN: < - |_ ■'-nj— !_=[•<• -• f i-nj- : 



[~:CH 2 -C=N: «H> OFpC^N:"] ■•- F.iOM 



€>. 



.C-H 



»0 J 

I 



+ 'iCH-CsN: 



0» 



C-CH— C=N : 



EtOH, 



o 



OH 
CH-CH— CsN: 



heat . 
-H,0' 



Q 



,CH=CH-CN 
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0" 

0^, >x 

17.18 CH 3 C(CH,) 4 CH — > ~:CH,C(CH,) 4 CH > (CH,) 4 CH, 

OH I 



C 



-H 



H,0 / \ -H,0 , 

— *=> (CH,) 4 CH, — ^-* 

II 




O 

II II OH". 

CH,CCH,CH,CH,CH,CH — 





CH,CH,CHCH 



H,C CHCH 

H,C CH, 



H,0. 




OH O 
II 
C-H 



-H,0 




17.19 (a) 



H,C 



8 

X >H 3 

-C 
\ 
CH, 



(b) 



CH, 



HC 

Ii 
O 

CH,— C 
J II 




^CH, 
,CH, 



H,C 
H,C 



CH 3 



O 

II 

CH-C-CH, 

/ 2 3 

CH, 



Notice that starting compounds are drawn so as to indicate which atoms are involved in 
the cyclization reaction. 

17.20 It is necessary for conditions to favor the intramolecular reaction rather than the inter- 
molecular one. One way to create these conditions is to use very dilute solutions when we 
carry out the reaction. When the concentration of the compound to be cyclized is very low 
(i.e., when we use what we call a "high dilution technique"), the probability is greater that 
one end of a molecule will react with the other end of that same molecule rather than with 
a different molecule. 
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0~Li + ° O OH 

(b) CH 3 CH 2 CCH 3 ^> CH 3 CH,C=CH, jfSJj^ > CH 3 CH 2 CCH,CHC 6 H S 



(2) H,0 



Kinetic enolate 
0~Li + 



o 

II 



OH 

I I 



II LDA I (1)CH,CH,CH II I 

(c) CH 3 CHCCH 3 ^^ CH 3 CHC=CH 2 ( , )H ^ " > CH 3 CHCCH,CHCH,CH 



CH, 



I 
CH 3 

Kinetic enolate 



CH, 



(1)CH,CH 



O 
(d) CH 3 CH=CHC'CH 3 y^> CH 3 CH=CHC=CH 2 ^5^ 0K 

CH 3 CH=CHCCH 2 CHCH 3 



4^=010 



LDA 



O 
CH 3 0~Li + (DCH-^VcCH, 



17.22 (a) CH,C=CHCCH, =^-+ CH 3 C=CHC=CH, , 

33 3 2 (2)H,0 \ 



17.B1 



CH, OH 




rx-Bisabolanone 



™ 3 "Li + (11C Hj ^-CH 



H OH 



(b) CH 3 C=CHC=CH, 
[prepared in (a)] 



(2)H,0 



0-Si(CH 3 ) 3 



Step 1 




+ FN(C 4 H 9 ) 4 > 




+ (CH 3 ) 3 SiF 







17.21 



CH. 



(a) 




Li + 



LDA 



•CH 




O 
(1)CH 3 CH 

(2) H,0 



CH 



Kinetic enolate 








OH 
CHCH, 



Step 2 



Step 3 



0>(C 4 H 9 ) + 




O N(C 4 H 9 ) 4 




HO_ 



ON(C 4 H,) 4 
/^CHC 6 H 3 



O OH 
XrHC 6 H 5 



u 



+ (C 4 H,) 4 N OH 
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LDA. THF 



17.23 (a) 



(b) 




(CH 3 ),Si 



V 



(CH 3 ) 3 sK 



17.24 CH 




LDA 



CH, 



QJLT 




CfiHgSe-^-Br 



& CH 3 Jl SeC 6 H 5 



Kinetic enolate 



H,O n 



O f!A 




3$ 



CH: 




+ C s H 5 SeOH 



17.25 (a) 




, CH 3 



+ OH 



CC 
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(b) 2-Melhyl-I.3-cyclohe.xanedione is more acidic because its enolate ion is stabilized 
by an additional resonance structure. 



o 




CH, 
H _jH\ 



dc 




CH, 



< — ► 





ft: 




H _i£> 






17.26 (a) C-HjCCHj 





-ff_ II 



II 



C 6 H 5 CCH,:; + C 6 HjCH =CHCC 6 H 5 <=^ C 6 H 5 CH -CH^CC 6 H 

CH, 



9=° Al 

r 



C 6 H 5 « 





II 

C 6 H,CHCH,CC 6 H, 

¥] ' 

c=o 
I 




CH 3 



85 



i ,CH 2 -^CH^-C-CH 3 <- 



i ret 



\^^o 



-H" 






o 



\^^ 



C=0 "'-Ml' 

CH 3 



CH 




-:CH, 
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H H 



(b) 




-H~ 
+H~ 



C,H,CH =CHCQH, ^^ 




-4l +ff 





II 



C 6 H 5 CHCHjCC 6 H 3 




-, 9i> . H,C C-H 

f Tk. ' comueate " I W — 

17.27 H 2 N-NH 2 * CH^H^CH -fggjgS > | C * 

3 \ / ^ 



OH 



N 
I 
H 



-H 



-H,0 



I 
H 



I 
H 



OH ^-^^ OH 

17.28 (a) CHjCH^HCHCHO (b) (QVcH=C-CHO (c) CH 3 CH 2 CHCN 
CH 3 . CH, 

(d)CH 3 CH,CH,OH (e)CH 3 CH,CH | ' (f) CH 3 CH,C-OH 

" 0^ CH2 



OH 



(g) CH 3 CH,CHCH 3 (h) CH 3 CH,C -OH (i) CH 3 CH,CH=NOH 



OH 



OH 



(j) CH 3 CH,CH=CHC 6 H 5 (k) CH 3 CH 2 C I H-C 6 H 5 (0 CH 3 CH 2 CHC=CH 
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OH 

I 



(m) CH 3 CH,CH 3 (n) CH 3 CH,CH-CHC0 2 Et 

CH 2 CH 3 



CH, 

17.29 (a) CH,C-CH,CCH 3 

3 I " 3 

OH 



OH 
I 
(d) CH3CHCH3 



OH 



(b) C 6 H 3 CH =CHCCH 3 (c) CH,CCH 3 



OH 
(g) CH 3 CCH 3 
CH, 



H 3 C N 



H 3 C n O-CH, 
H,C 0— CH, 



(h) No reaction 



OH 



(j) C=CHC 6 H 5 (k)CH 3 CC 6 H 5 



H.C 



(m) CH 3 CH 2 CH 3 



CH, 



HO CH,CH 3 

(n)CH,C-CHCO,Et 

5 1 
CH, 



CN 



(f) No reaction 



NOH 
(i) CH 3 CCH 3 



OH 
(1) CH 3 CC=CH 
CH, 



17.30 (a) H 



,C-<f3}-CH=CHCHO (b) H 3 Ch(Q)-CHCsCCH 3 

H 3 C-<^>-CHCH 2 CH 3 (d) H 3 C-{Q^C-OH 

O O . 1 

cYQVc-OH (f) H,C-«3-CH=CH 2 

O OH O 

(g) H 3 C^^CH=CH-C^Q> (h) H 3 CH^j}-CH-CH 2 C-OEt 



(c) 



O 

II 

(e) HO-C 
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17.3! (a) (f^VcHO + CH-I:-C(CH 3 ) 3 ^M> <T)^CH= 




CH-C-C(CH 3 ) 3 



« <Q 



CHO + 



dil OH". 



CH=* 




(c) (TVcHO + 



O 



CH 3 CH,NO, 



dil OH", 



]jycn=c-^o 2 pt 



m 



dil OK 



> 






( 


)h 


CH,CH-NH 2 




v: 


ZJ 


CH 3 1 


(DLiAia, 


Et,0 


-> 


A : 


(2)H,0 




w 


:h, 




H 3 C 


/ \ 

CH-CH, 

1 
OH 



•A ch, 

H 3 L ,C-CH, H 3 C ,C-CH 

0' o y 



(e) CHjoVQV-CHO + CH 3 CN -^£> CH 3 Oh(KT>-CH=CHCN 

CHO 

(f) 2 CH 3 CH 2 CH 2 CH,CH ^r> CH 3 CH 2 CH,CH,CH-CH(CH,),CH 3 - !l£M > 

OH 
CHO CH,OH 

I (l)LiAlH 4 , Et,0 I " 

CH 3 (CH 2 ) ;i CH=C(CH 1 ),CH3 Q ' > CH 3 (CH,) 3 CH =C(CH,) 7 CH 3 



(g) on + hc 



HSCH,CH,SH 




dil oh: 




or wo 



in 



BF, 




0CM»T»O>a 
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o x^ 

M OH" II ■"• 

17.32 C 6 H 5 CCH,CH, > C 6 H 5 C -CHCH 3 



CH, Cx> 

t i - ' n. 

CH,=C-t^C-CH, 



i23Q 



™ 3 
1 ** 



H,C 7C 



.CH, 



■CH 3 
H,C^ C' 



,CH XH, 



fk 
C 6 H 5 J^ *V| CF 6 H 5 



<JP 



HOH*-^ 
H,C 



h 3 c -<r 

II 
o 



Mfi^V^t 



CH, 

CH /O 

"~C^ f , H h,0 

^.CH .CH, „ 

H 3 C' *•£*-' ' H 3 

II 
O 



CH, 



CH, 



OH 




ft -h,o 



17.33 HC=CH 



C 6 H,CHO . 



(1) NaNH, 



CH, 



(2)CH,COCH 
(3)NH.,C1/H,0 



> HC=C-C-OH 
A CH * 




Hg^,H,0- |j | 

„ n > CHX-C-OH 

B ^ 



01 1" 



CH 



O CH, 
II I 3 
:CH-C-C-OH 
I 
CH, 



17.34 (a) The conjugate base is a hybrid of the following structures: 





-:CH-CH=CH-CH 




CH^CH-CH-CH 



or 

f— > CHf=CH-CH=CH 

c2 1 1 

This structure is especially 
stable because the negative 
charge is on the oxygen atom . 



(b) CH,CH=CHCHO ^=*: -:CH,CH=CHCHO 

+H1 

0*5 



C 6 H 5 CH =CHCH + " :CH,CH =CHCHO 



C 6 H 5 CH=CHCH-CH,CH=CHCHO <=^ C 6 H S CH =CHC\; -Ci( ; Ct« r-o-i'-'iiO 



OH 

£ 



-H,0 



> C 6 HjCH=CHCH=CHCH=CHCHO 
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17.35 (a) 



(b) 




CH, 



(c) 



CH 3 
(i)QsQ 4 /\/~^/' 



OH 



HI0 4 



(Section 22 6D) 



OH 



CH, 






CH 3 CHO 



base 



(aldol 
condensation) 




OB, 




CHO 



base 



(d) 



- N -- CH 2 CC 6 H 5 

(aldol 

-N- CH cc H condensation) 
2 M 6 5 





17.36 (a) In simple addition, the carbonyl peak (1665-1780-cm ' region) does not appear in 
the product; in conjugate addition it does. 

(b) As the reaction takes place, the long-wavelength absorption arising from the conju- 
gated system should disappear. One could follow the rate of the reaction by following the 
rale at which this absorption peak disappears 

17.37 (a) Compound U is ethyl phenyl ketone: (b) Compound V is benzyl methyl ketone: 

-1690 cm" 1 , , O^ 1705 cm" 1 

(O) 



(( JV-CH-CCH3 

7^ 5 3.5 5 2.0 
57.1 




57 7 




17.38 A is CH 3 CCH,CH(OCH 3 ), 



II 



I, 



CH 3 CCH,CH(0CH 3 ), 



If 



H,0 



NaOH 
Ag(NH 3 ) : + OH" 



► CHIji 



no reaction 





II || Ag(NH0,'OHT II II 

CH 3 CCH,CH : > Agl + CH3CCHX-O- 



m (c> (d) 



(ai 
CH.-C-CH-CH(OCH,), 



(a) Singlet 5 2.1 

(b) Doublet 5 2 6 



(c) Triplet 5 4.7 
Id) Singlet 5 3.2 



17.39 Abstraction of an a hydrogen at the ring junction yields an enolate ion that can then 
accept a proton to form either rrum- f-decalone or ra-l-decalone. Since rraz/.s-l-deculone 
is more stable, it predominates at equilibrium. 




0" 



< — > 





(95%) 

fraii.s-1-Decalone 

(more stable) 

(2) RLi 



H 



(5%) 
c/s-l-Decalone 

(less stable) 



*- CH3OCH =P(C 6 H 5 ) 3 



17.40 (a) CH 3 OCH 2 Br + (C 6 H 5 ) 3 P 

(b) Hydrolysis of the ether yields a hemiacetal that then goes on to form an aldehyde 

9 H 3 .*. /=i c ; h 3 



=CHOCH, 



+Hj, 
g > 



+H,0 



:h-ch=och, 



CH, 
1 ' 



(hemiacetal) 



OH 



=S CH,0-<( )>-CH-CH-OCH, «=£ CH 3 0-(( JV-CH-CHOCH, 
HO X^/" ^ + tf V-v Au 

, . CH, 

2^ CH 3 0-/(jV-CH-C-H 



-CH,OH 



+CH,OH 



II 
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(O 



+ CH3OCH =P(C 6 H 3 ), > 



CHOCH3 



a 



+ OH, 



CH=OCH, +H 2 C- 



^a 



ch-ochj |» 



■Or 



OH 
CH- 



OCH, 



+CH,OH 



-CH,OH 



CH 



17.41 (a) The hydrogen atom that is added to the aldehyde caibon atom in the reduction must 
come from the other aldehyde rather than from the solvent. It must be transferred as a 
hydride ion and directly from molecule to molecule, since if it were ever a free species it 
would react immediately with the solvent. A possible mechanism is the following: 



-C-H + .OH" ^ 



& 



Then ©Hf-H fr H-£-@ 
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Lewis » 

to ^ c ' c ' 



Multistriatin 



17.44 X is: 



/QVcH=CH -C-C'H =cu-(Cj) 



C(CH 3 ), 
U7.45 TfO— Si— CH, 

CH 3 N 5 .OH 



C(CH 3 ) 3 



(, mw 



r 



:NR, 



CH, 



CH, 



Proton 

removal and 

hydride migration 



C(CH,) 3 

CH,— Si. .. 

I O: 

CH,| 




(b) Although an aldol reaction occurs initially, tlie aldol reaction is reversible. The Can- 
nizzaro reaction, though slower, is irreversible. Eventually, all the product is in the form 
of the alcohol and the carboxylate ion. 



17.42 



17.43 



This difference in behavior indicates that, for acetaldehyde. the capture of a proton from 
the solvent (the reverse of the reaction by which the etiolate ion is formed) occurs much 
more slowly than the attack by the etiolate ion on another molecule. 

When acetone is used, the equilibrium for the formation of the enolate ion is un- 
favorable, but more importantly, etiolate attack on another acetone molecule is disfavored 
due to steric hindrance. Here proton capture (actually deuteron capture) competes very 
well with the aldol reaction. 



HO,C 




TsO 



_TsCl_ 
base 
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QUIZ 



ALDEHYDES AND KETONES II: ALDOL REACTIONS 331 



17.2 Supply formulas for the missing reagents and intermediates in the following synthesis. 



17.1 Supply formulas for the missing reagents and intermediates in the following synthesis. 



CHXH^H 



CH,CH,CH =CCH,OH 




CHjCH,CH =CCH(OCH 3 ) 2 
CH, 



CH,CH,CH,CHCHCHCOCHX'H, 

' - ~\ I 

CH, CH, 



o>^« 



+ OH 



— CN 




17.3 Supply formulas for the missing reagents and intermediates in the following synthesis. 




o 



1 

CCH 3 



o JE> 



CHCH 
I 




-H,0 

— *H 
heat 





o 



"CH 3 < 



(e) 



CH, 



+ enanhomer 











(O 


(d) 









17.4 Which would be formed in the following reaction? 



'.<■■■" 





II II OFT _. 

CH,CH + CHX'HXH ..._ > 



OH 
(a)CH 3 CHCH,CH 



25°C 

OH 

I II 



OH 

I II 

(b) CH 3 CH,CHCHCH (c) CH,CHCHCH 

CH, 



CH, 



OH 
(d) CH 3 CH,CHCH.,CH (e) All of these will be formed. 



17.5 What would be the major product of the following reaction? 




C 6 H 5 CCHCH 3 + Br 2 + OH 
CH, 



r 



332 ALDEHYDES AIMD KETONES II: ALDOL REACTIONS 




(a) C s H 3 CCBrCH 3 
CH 3 

CH 3 
(d) C s H,CBr,CHCH, 



O 
II 



(b) C 6 H 5 CCHCH 2 Br 
CH, 



(e) None of these 





(c) C fi H,CCHCH,OH 
1 5 I - 
CH, 




l# CARBOXYLIC ACIDS AND THEIR 

DERIVATIVES: NUCUEOPHIUC ADDITION- 
ELIMINATION AT THE ACYL CARBON 



SOLUTIONS TO PROBLEMS 

18.1 (a) 2-Methylbutanoic acid 

(b) 3-Pentenoic acid 

(c) Sodium 4-bromobutanoate 

(d) 5-Phenylpentanoic acid 

(e) 3-Methyl-3-pentenoic acid 

18.2 Acetic acid, in the absence of solvating molecules, exists as a dimer owing to the lorma- 
tioti of two intennolecular hydrogen bonds: 



H 3 C — C 



.// 



-H-.0" 
•\ 



.O-H- 



// 



-CH, 



At temperatures much above the boiling point, the dimer dissociates into the individual 
molecules. 

18.3 (a) CH,FCO-,H (F- is more electronegative than H-) 

(b) CH-,FCO,H (F- is more electronegative than CI-) 

(c) CH^lCOiH (CI- is more electronegative than Br-) 

(d) CH,CHFCH,CO,H (F- is closer to -C0 2 H) 

(e) CHjCHjCHFCOjH (F- is closer to -CO,H) 

(f) (CH 3 ) 3 N-/QV-CO,H [(CH 3 ) 3 N- is more electronegative than H-] 

(g) CF 3 — (Tj\— C0 2 H (CF 3 - is more electronegative than CH 3 -) 

18.4 (a) The carboxyl group is an electron-withdrawing group: thus, in a dicarboxylic acid 
such as those in Table 18.3. one carboxyl group increases the acidity of the other, 

(b) As the distance between the carboxyl groups increases the acid-strengthening, in- 
ductive effect decreases. 
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O 

I! 
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18.5 (a) CHjCHX-OCH, 



O 
(c) CH,0-CCH,C-OCH 3 



(e) CH : CH,CH 2 CH 2 C=N 



(b) 0,NHa3V C_OCH 2 CH 3 



« CO 




II 
C-OCH 3 

C-OCH, 

II 






(h) H-C-N(CH 3 ), 

O 
H c ^C'-OCH,CH 3 

H 2 C -C-OCH 2 CH 3 
O 



(d) <Q\-C-N(CH 3 ) 2 




H -^ ^C -OCHX'H, CH 3 

(g) J 

H "*■ "~X -OCH,CH 2 CH 3 

O 

O 

(i) CH 3 CHC-Br 
Br 



18.6 (a) 



m 



CHX'H 



(l)KMn0 4 .OH , teat 
(2)H,0" 



o- ? 



O 

COH + CO, 



CH t&* CH Br **■ <D> &M8B '^ 




11 

COH 



(c) 



OH 



I (TlCh/NaOH 

CH, — — —^ ** 

' (2|H 3 0> 



€F 





COH + CHC1, 



fy^ik (l)KMnO., OH , heat 

(d) <( ))-CH=CH, ' > 

\V/ • (2)H,0~ 



(l)KMnO,.OH ,heat 

"-'.' (! >-CHXH ^— * 

(2) H3O- 

(l)KMnQ 4 . OH" ^ 

mm®* 



1 — \ 



COH 




11 
COH 



* Qi, 



O 

COH 



18.7 These syntheses are easy to see if we work backward 
(1)C( 

(2) H 



(a) C 6 H 5 CH,C0 3 H < ~ Tx C 6 H 5 CH 2 MgBr -*^- C 6 H 5 CH 2 Br 



Et,0 



CH 3 



CH 3 CH 3 

1 \X~ I -> 



(l)CO, I J Mg I 

(b) CH 3 CH 2 CHXC0,H < ^ CH 3 CH 2 CH,CMgBr «^ CH 3 CH,CH 2 CBr 



CH 



CH, 



CH, 



(UCO, Mg 

(c) CH-^CHCH,CO,H <r——f- CH.f=CHCH,MgBr <—— CHf=CHCH,Br 

(2) H " bhU 



(d) 



/7-^\ toco, /7~^\ .. M s 

". c aOV co = h 4hr »> c ^Qr MgBr '^\ 



Br 



(DCO, 



(e) CH,CH 1 CH,CH 1 CH,CO,H < — ' CH 3 CHXHXHXH,MgBr 



vEl,0 



CH 3 CH,CHXHXH 2 Br 



18.8 (a) C fi HX'H,CO,H 



,(1)CR 



- C,HXH,Br 
(2)H r , H,0, heal fl 5 - 



(DCR 



cqpcaov^R < (2)H -, HAh ea t ™^' HCH ^ 

(XJCJf 



CH 3 CHXHX'HXHX'0,H « 



(2) FT, H,0, heat 3 



CfLCHXHXHXH^r 



(b) A nitrile synthesis. Preparation of a Grignard reagent from HOCHXHXHXH-.Br 
would not Lie possible because of the presence of the acidic hydroxyl group. 

18.9 Since maleic acid is a cis dicarboxylic acid, dehydration occurs readily: 



II 
X-OH 



W ^C-OH 

II 
O 

Maleic acid 



200°C , 










II 


H^ 


X 


V 


X 


II 


- 


A 


/ 


H 


X 




II 







Maleic 


anhydride 
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Being a trans dicarboxylie acid, fumaric acid must undergo isomerization to maleic acid 
first. This isomerization requires a higher temperature. 




II 
HO-C. .H 



teat 



K X-OH 

a 



o o 

II II 

H^ ^C-OH H^ ^.C 

C -H,0 C \ 

> | — -> H 

K X-OH W X 

| I 



Fumaric acid 



18.10 The labeled oxygen atom should appeal- in thecarboxyl group of the acid. (Follow there- 
verse steps of the mechanism in Section 18.7A of the text using Ht'^O.) 



(3) 



C 6 < 



\ ° 9 / H 

V. _ II - (inversion) II / 

„,C— Br + CHX'O Na + ~> CH 3 CO— C.„, 

i""C s H 13 



CH, 



(4) 



H 

\ 



<><L 



,,C — Br 



OH", heat 

3 

(reflux) 



E CH 3 

H 
/ 

HO — C.„ 

, i C 6 H ]3 

F CH, 



H 



OH", heat / 

— : > HO — C.„ 

(inversion) v * 



F CH, 



C 6 H IJ 



18.11 CH^CHC 



// 



X OCH, '" ff 



*&. >* ^H 9 OH ? H I 

<=^ CHfXHC < ** CH-fCHC— OC 4 H 9 

X OCH 3 **« QCH, 



l 3 



9 H -CH,OH 

CH^CHC-OC.H, < ' i 

I +CH,OH 

t OCH 3 ■ 

H 



18.12 (a) (1) 



(2) 



+ C 6 H 5 S0,C1 



OH 






II 



OH 



CHf^CHC^ 



O-H 



OCjHj 



+H" 



CH-pCHC, 



"V. 







H,C OSO : C 6 H 3 

A 

OH 



OC 4 H 9 

OH~, heal . 

> 

(inversion) 

+ C 6 H 5 S0 3 " 



-> 



O-CCJL 

II 6 5 



(b) Method (3) should give a higher yield of F than method (4). Since the hydroxide 
ion is a strong base and since the alkyl halide is secondary, method (4) is likely to be 
accompanied by considerable elimination. Method (3), on the other hand, employs a 
weaker base, acetate ion. in the S iN -2 step and is less likely to be complicated by elimina- 
tion. Hydrolysis of ihe ester E that results should also proceed in high yield. 

18.13 (a) Steric hindrance presented by the di-ortho methyl groups of methyl mesitoate pre- 
vents formation of the tetrahedral intermediate that must accompany attack at the acyl 
carbon. 

(b) Cany out hydrolysis with labeled ls OH" in labeled H, IS 0. The label should appear 
in the methanol. 




II 
18.14 (a) C^CNKCHXH,), 



(b) 




OH" 
77^ CgH.CO, + (CH,CH 2 ) : KH 

W 



ao 



> C 6 H 5 C0 2 H + (CH,CH,),NH, 




OH" „. - II 
-77^ OCCH 2 CH,CH,CH,NH 2 

FT 




II 



KQ 



► HOCCH,CHXHXH,NH 1 



OH", heat 

3 

(reflux) 



D 



+ c 6 h 5 co; 



OH 



I 
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OFT\ 





(c) HO,CCH -NHCCHNH, 

CH 3 CH, 

C 6 H 5 



> "0,CCHNH, + "O.CCHNH, 
H.O - | " " | 

CHj CH, 



H* 



> HO,CCHNH, + HO,CCHNH, 
ho 'i - i 

CH 3 CH 2 



fe) 



0' 



CH,0CMHCH 2 C0,H 



HBr 



► H#QK,CQ,i + CO, + 

CH,CO,H 3 2 2 2 




(f) H,N-C-NH, 



0" 



CH,Br 



Off, H,0 



heat 



-*► 2 NH 3 + C0 3 " 



SOCK NH, 

18.15 (a) (CH 3 ),CC0 2 H ^^> (CH 3 ) 3 CC0C1 —±+ (CH 3 ) 3 CCONH, 



PAo 

heat 



> (CH,) 3 CCsN 



18.17 (a) By decarboxylation of a [3-keto acid; 

00 = II 

CH 3 (CH 2 ) 3 CCH 3 cbH - 10 °- 150 ° c > ■ ch 3 (CH 2 ) j CCH 3 + CO, 



(b) An elimination reaction would take place because CN" is a strong base. 



CN + H^CHpC— Br 
CH, 



/ CH 3 
HCN + CHf=C + Br 

CH, 



,CH,OH 0=C=N_ . 

,; ... ,, Of " * '.v. i| 



H 

II I 
CH,0-C-N 



or - to 



(b) By decarboxylation of a substituted malonic acid: 
CO,H 



m!.CH,C-C0,H 100 ""°° C > CH 3 CH,CHCO,H 



CH 3 

(c) By decarboxylation of a (3-keto acid: 
Q O 

^COH 

100-150°C ^ 




CH, 



+ CO, 



CO, 









II 



(b) Cl-C-Cl + 4CH 3 NH, ► CH3N-C-NCH3 + 2CH,NH 3 + 2 CI 

H H 



m(Q 





II 

XH,0-C-C1 



+ H 3 NCH,C0 2 



oh: 



/\XH,0-C-NCH,C0,H 



(d) 




Co 




11 



CH,0CNHCH,C0,H 



H, 



P.) 



> H 3 NCH 2 C0 2 + CO, + 




O 



CH, 



(d) By decarboxylation of a substituted malonic acid: 
CO,H 



f;:i!M:H,CH > CH 3 CH,CH,CH 2 CO,H + CO, 

- I > _ . - - 

CO,H 



18.18 (a) The oxyaen-oxygen bond of the diaeyl peroxide has a low homolytic bond disso- 
ciation energy (DH°'= 146 H mol"'). This allows the following reaction to occur at a 
moderate temperature. 



O 

II II 

R-C-O-O-C-R 



O 
2 R-C-O- Mf = 146 kJ mol" 



(b) By decarboxylation of the carboxylate radical produced in part (a). 


R-C-O- > R- + CO, 



L 
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(c) Chain Initiation 

O 

II II heat. 

Step I R-C-O-O-C-R 1 



O 

II 

2 R-C-O 





II 
Step 2 R-C-O- - 

Chain Propagation 



R- + CO, 



StepS R' + CSpOBj > RCHjCH/ 

Step 4 RCH 2 CH,' + CH-pCH, > RCH 2 CH,CH 2 CH 2 ' 

Step 3, 4, 3, 4, and so on. 



18.19 (a) CH 3 (CH,) 4 C0 2 H 

(c) CH 3 (CH 2 ) 4 CONHC 2 H 5 
(e) CH 3 CH 2 CH=CHCH 2 C0 2 H 

(g) HO,CCHjCH 2 CH 2 CH 2 C0 2 H 
CO,H 



(i) 




CO,H 



(10 CjH 3 2 C-C0 2 C 2 H 5 



(m) CH,CH,CO,CH 2 CH(CH 3 ) 2 



H0 2 C C0 2 H 

(o) C=C 

/ \ 

H H 



HO,C. 



(q) 



H 



/ \ 



(b) CH 3 (CH,) 4 CONH 2 
(d) CH 3 (CH,) 4 C0N(C,H s ) 2 
(f) CH 3 CH=CHCH 2 CHC0,H 



CH, 



COM 




(p) HOjCCHOHCHjCOjH 



(r) HO,CCH 2 CH 2 C0 2 H 



f? 

H,C" C \ 
(s) "| NH (t) HO,CCH,CO,H 

i 


(u) C 2 H 5 2 CCH 2 C0 2 C 2 H 5 



18.20 (a) Benzoic acid 

(b) Benzoyl chloride 

(c) Benzamide 

(d) Benzoic anhydride 

(e) Benzyl benzoate 

(f) Phenyl benzoate 

(g) Isopropyl acetate or l-methylethyl ethanoate 

(h) A'.A'-Dimethylacetamide or /V.N-dimethylethanainide 

(i) Acetonitrile or ethanenilrile 

fir^X ( i ) KMn0 4 . OH~. heat 

18.21 (a) CWfjV-CH, — <-"' 



■(b) CI 



(2)H,CT 

NBS 



QV-C0 2 H 



®<* ** "^ 



Cl-(( )>-CH,Br— > 



Cl- 



//*"* H 3 0", H,0 

ffJVcHjCN -——:■- - CI 



U '> Cl-^QyC0 2 H - 
[from (a)] 

Oil 



heat 



(HSOCl, 



(2)LiAlH[OCfCH 3 ) 3 . 



Qi>-t'H-Coj-i 



-> c 



o 

1 1 HCN , 
CH > 



/ \ ° H ' * / \ ? H 

Cl^(y)-CH-CN M^ C1-<Q>-CHC0 2 H 



L 
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(d) 



Cl-U^VcHjCOjH | 



(1) SOC1, 



-> CI 



)LiAlH[OC(CH 3 ) 3 ] 3 V-V 



, . 

YQVch 2 ch 



HCN, 



[from (b)] 
CI 



OH 
'rs\ I H,0',H,0 

QWcHCN -*£& 



OH 
I 



c i -/QVch 2 chco 2 h 



18.24 (a) CH 3 CO,H + HC1 

(c) CH 3 CO,CH,(CH,),CH 3 
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OH 
I 
(b) CH 3 C(CH,CH,) 2 

(d) CH 3 CONH, 



(e) 



CH, 



Qf + CH 3 ^QVcCH 3 (fl CH3CHO 



Cl-/QVcH=CHC0 2 H 



Br, NaOH^ . «_ XT NaCN. 
18.22 (a) H 3 C-CO,H -r^> CH,Br-CO,H ► CH,Br-CO,Na > 



P 
H,0*,H,0, 



> HO,C-CH-CO,H 



CH-CO,Na 
I 2 2 heat 

CM 



O o 

(l)KMnO,, OH ,heat II II 

(b) HO-CH-CH-CH-CH-OH — r^ * HO-C-CH-CH-C-OH 

2222 (2)H 3 T " - 



(c) 




OH 







- 1 ^\ M 

(DKMnOj, O H", heat t C-OH 

L .C-OH 



(2)H,0" 



O 



(l)KMnO,, OH .heat 

18.23 (a) ch,ch»ch,cbsCh,oh — — f* ► cmca.cHjCHjeojt 

" " - ' (2)H 3 - - " " 



mMa,Et,0 H,0" 

(b) CH 3 CH,CH,CH,Br „~ > CH 3 CH,CH,CH 7 CO,MgBr - ae i 

(2) CO, - ^ 

CH 3 CH,CH 2 CH,CO,H 

H,0\ H,0 
heat ± 

CH 3 CH 2 CH,CH,CO,H 



CN" 



CHjCHjCHjCHjBr > CH 3 CH,CH,CH,CN 



(c) CH 3 (CH 2 ) 3 CH=CH(CH,1 3 CH 3 



(PICMnO), OH ,heat 
(2) H 3 0" 



(l)Ag(NH,),"OH 

(d) CH,CH,CH,CH,CHO — *~ CH 3 CH,CH,CH,CO,H 

3 " " " (2)H,0" - - " - 



(g) CH 3 C0CH 3 



(h) CH 3 CO,Na 

(j) CH 3 C0NHC 6 H 5 

(1) CH 3 CO,CH 3 CH 3 

(n) (CH 3 CO) 2 

(P) BrCH,COCl 



(i) CH 3 C0NHCH 3 
(k) CH 3 CON(CH 3 ), 
(m) (CH 3 CO),0 
(o) CH 3 C0 2 C 6 H 5 
18.25 (a) CH_,C0NH, + CH3CO," NH, + 

(b) 2CH 3 C0,H 

(c) CH 3 C0 2 CH 2 CH 2 CH 3 + CH 3 CO,H 

(d) C 6 H 5 COCH, + CH 3 CO,H 

(e) CH 3 CONHCH,CH 3 + CH 3 CO,"~ CH,CH,NH 3 + 

(f) CH 3 CON(CH 2 CH 3 ), + CH 3 COj" (CH 3 CH,) 2 NH, + 



CONH, 
18.26 (a) CH, 

CH, 

C0 2 ~ NH 4 + 



C0 2 H 

(b) CH 2 " 

*"P 2 
CO,H 



(c) CH, 



CO,CH,CH,CH 3 



(d) 



CH, 
CO,H 



CONHCHjCHj 
(e) CH, 

CO," CH 3 CH 2 NH 3 + 




o 



CH 2 



CON(CH 2 CH 3 ), 
(f) CH, 
CH 2 
CO, (CH 3 CH,),NH, + 
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See text. p. 677. 



18.27 



(of 




soa, 



OH 



'f^QQ^Q 



(1)C f ,H 5 MgBr 
(2)NH 



C 6 H 5 X)H 




NaOEt 



18.28 (a) 




(O 




v 

C 
II 

c 




18.29 (a) CH 3 CH,CO,H + CH 3 CH,OH 

(b) CH 3 CH,CO,~ + CHjCH 2 OH 

(c) CH 3 CH,CO,(CH,) 7 CH 3 + CH 3 CH,OH 

(d) CH 3 CH 2 CONHCH 3 + CH 3 CH 2 OH 

(e) CH 3 CH 2 CH 2 OH + CH 3 CH,OH 

C 6 H 5 
(0 CH 3 CH 2 C-C 6 H 5 + CH 3 CH 2 OH 
OH 



CARBOXYLIC ACIDS AND THEIR DERIVATIVES 345 



18.30 (a) CH,CH 2 CO,H + NH 4 + 

(b) CH 3 CH 2 C0 2 ' + NH, 

(c) CH,CH,CN 



18.31 See the mechanisms in Section 18.SF. where R = CH 2 CH, Cor propanamide. 

(b) CH 3 CH=CHCO,H 



H 2 C CHj 

18.32 (a) i V c=:0 

I / 

BjC 



u 



/ CH K 



(c) CH 3 CH,CH CHCH,CH, (d) H,C 



O-C. 

/H 2 -C x 

(e) H,C NH 

CH — CH 
CH, 



CH-C 



(f) 




CH, 
18.33 (a) HXV^H 

I 
CH, 

I " 
CH 3 



CH 3 



TsCl. pyridine , 
(retention) 



TsOiw^H 



or 



QH 3 
Htwi^aCN 

> I 

CH, (inversion) CH, 

CH 3 



CH 



(7?)-(-)-2-butanol 



B 



CH, 
ftSO^HjO H »^- C0 2 H (I)LJA1H 4 



CH, 



H<^^CH,OH 



(retention) 



CH 2 
CH, 



(2) H 2 
(retention) 



CH, 



( + ) C 



(-)D 
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CM 



QH 3 

at, 



(fl)-(-)-2-butanol 



PBr, 



pyridine 

(inversion) 



H.SOj, H 2 t 
(retention) 



HOjCk^H 



CH 2 
CH, 



(-) C 



QH 3 

(c) TsOt^^H 

I 
CH, 

CH, 



CH 3 CQ 2 - , 

(inversion) ' 



CH 3 

1 

CH 2 
CH, 



CN~ 



(inversion) 



QH 3 

NCfc^^jH 

I 
CH, 



CH, 



(2) HO CHi 

(retention) 



CH, 



(+)D 



9*1 fl 

Hfc^^OCCHj 



OFT 



CH, 



(retention) 



gH 3 

Hb^^jOH 

I 
CH, 

CH 3 
(+)H 

(S)-(+)-2-butanol 



<g^ 
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(f) M 



H,S0„H,O 
) 
heat 



H,S0 4 , HO 

N — ~—> 

heat 



QO,H 
H&^^OH 

I 
H^-^OH 

CH,OH 

P 

QO,H 
HOt^^H 
I 
H ^9^0H 
CH,OH 



[0] , 
HNO,' 



CH 3 



II K,CO, 



CO,H 
H^^OH 

I 
H^^OH 

CO,H 

nexo-Tartaric acid 



QO,H 
HOt^^H 

> I 

HNO, A 

H"|^>OH 

CO,H 

(-)-Tartaric acid 



CH 3 T _ t CH 3 OH 



[Oj 



I j HCN' I I 

18.34 (a) CH3CHCHO + HCH HQ " > CH 3 CCHO — H> CH 3 C CHCN 

CH,OH CH 2 OH 

A (±)-B 



(d) 



Hh^^CH,OH 

I 



PBr, 



55 

CH, 



(-)D 



(retention) 



CH 3 

Hfe^^CH,Br 

I 
CH, 

CH, 



Ms 



diethyl ether 
(retention) 



CH, 



Hh^^CH,MgBr 

I 
CH, - 



K 



(1) CO, 



(2) i-r 

(retention) 



QH 3 
Hi^^CH 2 CO,H 

> I 

r 

CH 3 
L 



H,0* 

— * 

heal 



CH 3 OH 

CH,C CHCOjH 

- CH,OH 
(±)-C 



CH, OH 
I 3 I 



1 1 || 

-H,0 H 3 C ~C CH H,NCH,CH,CO- 



^o^ "0 

(±)-D 



O 
H,NCH,CH,CNHCH,CH,SH 



(+)-pantetlieine<- 

H0H 2 C qhO O 

(b) (CH 3 ),Cife^^C-NHCH 2 CH,C -NHCH,CH,SH 

I 
H 



(±)-pantothenic 
acid 



~ QHO 
(e) Hiw^OH 



HCN 



CH,OH 
(ff)-(+)-Glyceraldehyde 



qn m 

Hib>J,^OH + HOfewl^H 



I 

H^^OH 
CH 2 OH 

M 



I 
H^i^OH 

CH,OH 

N 



HOH,C OH 

OH, H,0 "I 5 

(C) h e a t" (CH 3 ),Cfe^,^ C o 2 + H,NCH 2 CH,C0 2 + H 2 NCH,CH,S 

H 
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/ \ ° ■ / \ 

.35 CH 3 CH 2 oYQ\-NH-C-CH 3 °" nu " ; °> CH 3 CH,0 H^QVnh, 

Phenacetin Phenetidine 

An interpretation of the 'H NMR spectral data for phenacetin is as follows: 

o 



+ 
CH 3 CO,~ 



CH, 



-CH,-O^Q 

m 



<b) 

NH — C— CHj 
(') 



(c) /QVcH 2 -C-0-CH 2 CH 3 
v^_y (b)~ lc) (a) 



(d) 
Interpretation: 

(a) Triplet 8l.2(3H) 

lb) Singlet 5 3.5(2H) 

lc) Quartet 8 4.1 (2H) 

(d) Multiple! 5 7.3 (5H) 



O 
II 



-C—O-, 1740 cm" 1 (ester) 



(«l triplets 1.4 

(/;) singlet 5 2.1 

(c) quartet 5 3.95 

id) multiplet 5 6.8-7,4 

(<?) broad singlet 5 9.0 



O 
II 







18.36 (a) CH 3 CH : -0-C-CH,CH 2 -C-0-CH,CH 3 
(a) lc) (b) lb) lc) (M 



Interpretation: 

(a) Triplet 5 1.2 (6H) 
lb) Singlet 5 2.5 (4H) 
(c) Quartet 5 4.1 (4H) 



, CH 3 la) 

(b) /(~)Vc-0-CH,-CH--CH, 

«* ' , lc) lb) (a) 




2 -C-0-. 1740 cm"' (ester) 



Id) 


» 


Interpretation: 





(a) Doublets 1.0 (6H) 
lb) Multiplet 8 2.1 (1H) 
(c) Doublet 5 4.1 (2Hj 
Id) Multiplet S 7 8 (5H) 


-C-O-, 1720 cm 



(ester) 






18.37 



CI 
(d) Cl-CH-CO,H 

(a) '(b) 

Interpretation: 

(a) Singlet 5 6.0 
lb) Singlet 8 11.7 



-OH, 2500-2700 cm" 1 

O 
-C-O-, 1705 cm' 1 (acid) 



O 
(e) CT-CH 2 -C-0-CH,CH 3 
(b) (c) (a) 

Interpretation: 

la) Triplets 1.3 
lb) Singlet 8 4.0 
lc) Quartet 8 4,2 



CM 




+ SOCl 2 




-C—O, 1745 cm" 1 (ester) 



COCi CON(CH 2 CH,) 2 

(c«p r^Ti 
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18.38 Alkyl groups are electron releasing; they help disperse the positive charge of an alkyl- 
ammonium salt and thereby help to stabilize it. 



RNH, + H 3 + — 



R->-NH, + + H 7 



Stabilized by 
electron-releasing 
alkyl group 

Consequently, alkylamines are somewhat 'stronger bases than ammonia. 

O 

II , , 

Amides, on the other hand, have acyl groups, R-C-, attached to nitrogen, and acyl 
groups are electron withdrawing. They are especially electron withdrawing because of 
resonance contributions of the kind shown here, 

R-C-NH 2 <— > R-C=NH, 

This kind of resonance also stabilizes the amide. The tendency of the acyl group to be 
electron withdrawing, however, destabilizes the conjugate acid of an amide, and reactions, 
such as the following do not take place to an appreciable extent. 
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(b) The conjugate base of an imide is stabilized by an additional resonance structure. 



tO :0 

R-C-NH-C-R + OH" 
An imide 



:0 -0 

li - II 
R-C-N-C-R + H,0 



:0: :0 

I II 

R-C=N-C-R 



O 

II -- 
R-C-NH 2 + 

Stabilized 

by 
resonance 



H 3 + 



+ H,0 



Destabilized by 
electron-withdrawing 
acyl group 



18.39 (a) The conjugate base of an amide is stabilized by resonance. 



1 .. 

R— C— NH, 



+ :B" 



:0 
II •• 
R— C— NH" 



V 

:or 

I .. 

R— C=NH 



+ BH 



:0 :0: 

II I 

r-C-N=C-R 

18.40 That compound X does not dissolve in aqueous sodium bicarbonate indicates that X is not 
a carboxylic acid. That X has an IR absorption peak at 1740 cm ' ' indicates the presence 
of a carbonyl group, probably that of an ester (Table 1 S.5). That the molecular formula of 
X (C 7 H r Oj) contains four oxygen atoms suggests that X is a diester. 

The l3 C spectrum shows only four signals indicating a high degree of symmetry 
for X. The single signal at S 166.7 is that of an ester carbonyl carbon, indicating that both 
ester groups of X are equivalent. 

Putting these observations together with the information gathered from DEFT l3 C 
spectra and the molecular formula leads us to the conclusion that X is diethyl malonate. 
The assignments are 



O 

II . 







CHjCH.OCCH^'OCHXHj 

(a) '(c)' (d)(b)'(d) (c)~ (a) 



18.41 (a) Chain Initiation 



Step 1 RO-OR 



II 



2RO« 



This structure is especially 
stable because the negative 
charge is on oxygen. 



Step 2 CHjCSH + RO 



Chain Propagation 

O 
Step 3 CHXS • + CHf=CHR 



(a) 5 14 2 

(b) 5 41.6 

(c) 5 61.3 
{d) 5 166.7 





II 



CH 3 CS- + ROH 



O 
Step 4 CHXSCH.CHR 



.SCH 2 CHR 
OOO 
+ CHjCSH > CH 3 CSCH 2 CH,R +CH 3 CS- 



352 CARBOXYLIC ACIDS AND THEIR DERIVATIVES 



CH, 
I 3 




II 



(fa) CH 3 C=CHCH 3 + CH 3 CSH 



ROOR 



CH, 
I 3 
*► CH,CHCHCH 

O 






(1) OH", heat 


3 


(2) H 3 0* 

* 



CH, 



3 



CHjCOH + CH3CHCHCH3 
SH 

18.42 n's-4-Hydroxycyclohexanecarboxylic acid can assume a boat conformation that permits 
lactone formation. 



HOC 




O 
II 
COH HO 



O 
II 

c- 



-H,0 . 



18.43 



Neither of the chair conformations nor the boat form of r/r»w-4-hydroxycyclohexanecar- 
boxylic acid places the -OH group and the -C0 2 H group close enough together to permit 
lactonization. 



flOH ",„' > Hb^,^aOH ► H^^aOH 



I 
CH 2 OH 

Glyceraldehyde 



[Oi 



CH,OH 

(RH-)- 
Glyceric acid 



CH,Br 

(R)-(-)-3-Bromo- 

2-hydroxypropanoic 

acid 



Q0 2 H 



H,0 
heat 



CH, 
CO,H 
(K)-(+)-Malic acid 



C0 2 H 
He^^aOH #• 

I 
CH, 

J ' 

cx 

(/?)-(C. 4 H 5 NO : ,) 



NaCN 






18,44 (a) CHO 

H^^iOH 

I 
CH 2 OH 

Glyceraldehyde 
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CN 



HEN . 



H; 



I 



«OH 



H^I^OH 
CH,OH 
M 



P 

HO ^^ j40$ 

I 

H"' l |^ , OH 
CH,OH 

N 



[cf. Problem 
18.33(e)] 



C0 2 H 



C0 2 H 
HOfifew-. -rf aaH 



PBr, 



H,0 



H^^OH 
CHjOH 



HNO, 



H 1 



vQ-~<t 



011 



CO,H 



QOjH 
HOi^i^iH 

I 
Br^^H 
C0,H 



(-)-Tartaric acid 



[cf. Problem 18.33(g)] 



QO,H 

I *- 

CH, 

I " 
C0 2 H 

(5)-(-)-Malic acid 



(b) Replacement of either alcoholic -OH by a reaction that proceeds with inversion 
produces the same stereoisomer. 



HO 



Q0 2 H 
*H 



>*«£<<"■" PBr, 

(inversion 



C0 2 H QO,H 

HO&^^rfiH Hfe^^aBr 



PBr, 



CO,H 



H 



pP""V " 



'OH at C2) B 



r^'^H H^" 



(inversion 



"OH at CD H 



J? 



°0H 



C0 2 H CO,H CO,H C0 2 H 

(c) Two. The stereoisomer given in (b) and the one given next, below. 



QO,H 
HO&w 1 ., ^H 



PBr, 



« CO,H Q0 2 H 

HOtt^^jiH Btte^ J «s«H 



PBr, 



qo,h 

HO^,^H 



H 



I (retention 

**l **m atC2) 1,1 



^ , " 



9 Br H 



(retention ,l 2 

e^-.^nu at rn u**^:" ~*> 



"OH at CD H* 



OH 



CO,H 



C0 2 H 



C0,H 
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(d) It would have made no difference because treating either isomer (or both together) 
with zinc and acid produces (-) malic acid. 



Q0 2 H 



Zn 



go,H 

I 

u 

COM 



qo 2 h 

CH 2 
CO,H 



,Zn 

H 4 



C0 3 H 

I 
H^^Br 
6&S 



Y 

-)-Malic acid 



18.45 (a) CHjOX— C=C— C0 2 CH 2 . This is a Diels-Alder reaction. 

(b) H 2 , Pd. The disubstituted double bond is less hindered than the tetrasubstiluted dou- 
ble bond and hence is more reactive. 

(c) CH 2 =CH— CH=CH 2 . Another Diels-Alder reaction. 

(d) LiAIR, 

O 

II 

(e) CH 3 — S— CI and pyridine 



(g) Os0 4 

(h) Raney Ni 

(i) Base. This is an aldol condensation. 

(j) C,,H 5 Li for C f ,H 5 MgBr) followed by H,0 + 

(k) H,0 + . This is an acid-catalyzed rearrangement of an allylic alcohol. 

O 

II 
(I) CHjCCl, pyridine 

(m) 0-,. followed by oxidation 

(n) Heat 



18.46 (a) | 




heat . 




Pt 



Furan 



Dimethylmaleic 
anhydride 




O 



Cantharidin 
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(h) Cantharidin apparently undergoes dehydrogenation to the Diels-Alder adduct 
shown here, and then the adduct spontaneously decomposes through a reverse Diels- 
Alder reaction to furan and dimethylmaleic anhydride. These results suggest that the at- 
tempted Diels-Alder synthesis fails because the position of equilibrium favors reactants 
rather than products. 

18.47 The very low hydrogen content of the molecular formula of Y (C s H 4 2 ) indicates that 
Y is highly unsaturated. That Y dissolves slowly in warm aqueous NaHC0 3 stiggests 
that Y is a carboxylic acid anhydride that hydrolyzes and dissolves because it forms a 
carboxylate salt: 



Q 



R-C 

II 


(insoluble) 



NaHCO, 
H,Q, heat ' 





R-C-0 Na + 
+ 


R-C-0~Na + 

(soluble) 



The infrared absorption peaks at 1779 and 1854 cm" 1 are consistent with those of an aro- 
matic carboxylic anhydride (Table 18.5). 

That only four signals appear in the "C spectrum of Y indicates a high degree of 
symmetry for Y. Three of the signals occur in the aromatic region (<5 1 20— S 14.0) and one 
signal is downfield (5 163.1 ) 

These signals and the information from the DEPT "C NMR spectra lead us to con- 
clude that Y is phthalic anhydride. The assignments are 



(a) 



(c\ 






11 fM 

\ 
O 

/ 
C 

II 




(a) 5124.3 

(b) 5131.1 

(c) 5136.1 

(d) 5 163.1 



18.48 



18.49 



Z is phthalic acid and AA is ethyl hydrogen phthalate. 

(a) Ethyl acetate (b) Acetic anhydride (c) A'-Ethylacetamide. 

In the first instance, nucleophilic attack by the amine occurs preferentially at the less hin- 
dered carbon of the formyl group. (Recall that aldehydes ate more reactive than ketones 
toward nucleophiles for the same reason.) In the second case, CF,COi~ is a better leav- 
ing group than CHjCO-, - since the former is the conjugate base of the stronger acid. 



18.50 




COC1, 




CH,NH, 




O 
OCNHCH, 
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II 



18.51 C 6 H 6 + (CH 3 ) 2 CHCCl 



O^. 






CH(GIU 



/MCI; 



HCHO 
HC1, ZnCI 



Q4o«P^ a Clcmmensenor, 



Wolff-Kishner 



-> (CHj^CHCHj/QVcHXl 



KCN 



>■ (CH 3 ) 2 CHCH f /QVcH 2 C 



NaNH, 
',CN — -' > 



CH,I 



(CH 3 ) 2 CHCH 2 VQ\-CHCN 



CH, 



H,0* 
— : — 5 

heat 



(ch 3 ) 2 chchHQVchcooh 



CH, 



18.52 



/ — \ ° 

A= <^^CCH(CH 3 ) 2 C= (CH 3 ) 2 CHCH 2 -<(Q)^CCH 3 

B = /QVcH 2 CH(CH 3 ) 2 D = (CH 3 ) 2 CHCH 2 -Y(3Vc(OH)CN 

CH 3 

In the last step. Hi/red P accomplishes both the reduction of - OH to - H and die hy- 
drolysis of the nitrile function. 

18.53 (a) The signal at S 193.8 is consistent with the carbonyl carbon of an aldehyde and 
shows that the PCC reaction produced cinnamaldehyde. 

(b) The signal at 5 164.5 is consistent with the carbonyl carbon of acarboxylic acid, 
and suggests that the oxidation with K 2 Cr 2 7 in sulfuric acid produced cinnamic acid. 



*18.54 



O 

A ll 

S— CCH, 



HO" 






'O— CCH 



CLiiir^ vX 



2H,0 



A 
•0— CCH, 



(IR absorption at 2550 cm ' is S— H stretch) 



aSH 
OH 
B 



QUIZ 



B 18.55 



18.1 
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V"0 X CCH, 

(IR absorption at 3020 cm ' is C— H 
stretch for C — H of 3-membered ring) 



o + °- 



=CCH, 



O 



-C— O— O— C— — —*- 20— C — O' 




c— h; 0-c-o- 

SJ / 

II 

-0— C— O— H 



/■\,C- i C1-CC1 3 

Ol/T^cf 




n 

ii A 

C-LCI 




H 

II / 
C— N 



-CI" 



O 




©" 




c^ / 



HOJ>- 



^0 



Which of the following would be the strongest acid? 

(a) Benzoic acid (b) 4-Nitrobenzoic acid (c) 4-Methylbenzoic acid 

(d) 4-Methoxybenzoic acid (e) 4-Ethylbenzoic acid 



18.2 Which of the following would yield (S)-2-butanol? 

(a) U0-2-Bromobutarie + Cri 3 CO,~Na + 

(b) (/?)-2-Bromobutane OH ~' ft -° > 

heat 

(c) (5)-2-Butyl acetate — JiEL. > 



OH", HO 

product = — > 

heat 



heat 



(d) All of the above 

(e) None of the above 
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18.3 Which reagent would serve as the basis for a simple chemical test to distinguish between 
hexanoic acid and hexanamide? 



(a) Cold dilute NaOH 
(c) Cold coned. H 2 S0 4 
(e) None of these 

18.4 Give an acceptable name for: 

O 



(b) Cold dilute NaHCOj 
(d) More than one of these 



CH 3 CHCH,COH 



CO,CH, 
NO, 



NHCH, 



18.5 Complete the following syntheses. 
A 



(a) 



CH 



O&H 



/r^-^a (c^nh, 



OH 



+ (CH,),NH, + a 



D 



CH,CH,OH 

c— Jo — — — > 



©-** 



C 6 H 5 NH 3 + C 6 H 5 C0 2 







B 








-> 
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— 

(b) (QVcCl + CH 3 -t)H > 

B C 



CO 




1 

c-ci 



NH,(xs) 



+ HC1 



NaOH, H,0 



heat 



NH/ Cf 



PjO l0 , heat 




L 




SPECIAL TOPIC 
Step-Growth Polymers 



SOLUTIONS TO PROBLEMS 



B.l (a) 



[O] 



H ; Cr,0 7 



> HO,C(CH : ) 4 C0 2 H 



heat , 



(b) H0 2 C(CH 2 ) 4 C0,H + 2 NH 3 > NH 4 2 C(CH,) 4 C0,NH 4 -^> 

O O 

II II 350°C^ 4H, „ 

H 2 NC(CH,) 4 CNH 2 ~^^> N=C(CH 2 ) 4 C=N -^^> 

H 2 NCH,(CH 2 ) 4 CH 2 NH, 

(c) CHpCH-CH=CH, ^** C1CH,CH=CHCH 2 CI 2NaCN > 

N=CCHjCH=CHCH,CsN -£+ N=C(CH 2 ) 4 CeeN ^~> 

H 2 NCH 2 (CH 2 ) 4 CH,NH, 



(d> 



Iffi* C1CH,CH,CH 2 CH 2 C1 2NaCN > N=C(CH,) 4 C=N 



4H, 



B.l (a) HOCH,CH,OH + '1 



catalyst 
HOCH,CH-,0~ + HB 



> H 2 NCH 2 (CH,) 4 CH,NH, 



wIq: 





COCH 3 + OCH,CH,OH 



o 

I 

f 

OCH 



Roif-(^)-C-OCH 2 CH 2 OH 7JT*. R0cYQ\-C0CH 2 CH 2 0H 



+ CH 3 0~ 



CH3O + HB < mi, 

[R = CH 3 -orHOCH,CH 2 



CH,OH + sB- 
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. , q 

ii /^\ if 

(b) r0ChYJV-C0C ! ' 



, <£=^ ROC^())-COCH 3 <- 



-h* 



+HOCH,CH n OH 



-HOCH,CH,OH 



O OH O OH 

ROC-<(QJ}-c-^ch,ch 2 oh ^r±: ROC-/QVc-OCH,CH 2 ' 
H — + Q-H 

CH, CH, 



OH 



-CH,OH 



OH 



4-CH3OH 
[R=CH 3 -orHOCH 2 CH : 

O 



R0C \vJ/~ C-OCH 2 CH,OH <=| 

O 
ROC-/lQVc~OC'H 2 CH 2 OH 



ff ^ ff 



B.3 (a) CH 3 OC-«^V>-COCH 3 + HOCH r H^A~CH,OH 



(b) By high-pressure catalytic hydrogenation 

OO 

II II II II 

B.4 etc-0CH,CHCH,0C COCH,CHCH,OC 

o=c • ' 



C0CH,CHCH,0 -etc. 

u> 4 

o=c 



o=c - o=c 

Li 1 I 8 I 

etc-OCH,CHCH,OC C0CH,CHCH,0C C0CH,CHCH,0-etc. 



O) _v (O) 

DO 

0-etc. 



B.? 



HO 



QH \S/~ 0H + ci -^- ci 

CH, 



pyridine 
-HCI 



CH, 



-^H-^-j-^-f^^ 



CH, 

? 

CH 



0-etc. 

n 



Lexan 



■ : 
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B.6 fa) The resin is probably formed in the following way. Base converts the bisphenol A 
to a phenoxide ion that attacks a carbon atom of the epoxide ring of epichlorohydrin: 



CH, 



CICH 2 CH-CH 2 + "0HOV?aO)-0" + H J C w C 

m ch, c *o 



CHCH,C1 



CI — 



'CH, 






1ch 2 -ch-ch 2 -oh(QVc-(0/- - ch 2-9 h -9 h 2 C1 



-2C1 



¥ H 2 C— CHCH 2 0^)^C-<y)^CH 2 CH-CH 2 

o 



I 

CH, 

CH 

r 

CH 



O 



eg, 



,, H,C— CHCRCI 

then - \ / 

^ 



r r-\ CH v— \ 1 /^ 9 H '/^^ 

H,c;-racH 2 4oYOKAO/ OCH 2 CHCH ^ AOy9^/° c ^ c ?> CH ^ 

O L CH, OH . n CH, 



(b) The excess of epichlorohydrin limits the molecular weight and ensures that the resin 
has epoxy ends. 

(c) Adding the hardener brings about cross linking by reacting at the terminal epoxide 
groups of the resin: 



H,NCH,CH,NHCH,CH,NH, + H,C — CHOH,— [polymer]-CHX'H-CH, 





-CH,-CHCH-NCH,CH-N-CH,CH-N-CH 2 CHCH 2 [polymer]CH 2 CHCH 2 — etc 



OH H 



CH 2 

CHOH 

CH, 

[polymer] 
i 
CH 2 

CHOH 



I "I 
H OH 



OH 



etc. 

I 



CH 2 

N-CH,CH 2 N-CH,CH 2 -N-CH,CHCH 2 [polymer]CH 2 C ( HCH 2 
H H H OH OH 
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B.7 OOO O 

N ^\^NHCOCH 2 CH,OC(CH 2 ) 4 COCH 2 CH 2 OCNH 

CHj 



(a) 



Us 



(b) To ensure that the polyester chain has -CH^OH end groups. 

B.S Because the para position is occupied by a methyl group, cross-linking does not occur 
and the resulting polymer remains thermoplastic (See Section B.4.) 



O-H 

II H* II 

B.9 H-C-H - n -> H-C-H 



OH 





OH 



O-H 



"> I 



OH 




OH 

I 



H -JU 



O-H 



S^mpB h-G-H HOCHjyA^CHjOH ^^ 



1 



fas before} 



I 



-> 



(as before) 



m oh 

HOCH, v/ X^,CH,0H HOCH, n/ J v^ x C'H,OH, 




CH,0H 



HOCH, 




OH 



H, 



HOCH, 




■H,0, 




O-H 
II 
H-C-H 



> etc. 



CH,OH 



OH 

6 



CH,OH 



-*» Bakelite 



¥ } 



I I 



it w&-ti/Br 



SYNTHESIS AND REACTIONS OF 
B-BICARBONYl COMPOUNDS: 
MORE CHEMISTRY OF ENOLATE ANIONS 



SUMMARY OF ACETOACETIC ESTER AMD MALQNIC ESTER SYNTHESES 

A. Acetoacelic Ester Synthesis 
(1) NaOEt 





II 





II II 



(l)(CH,) 3 COK 



CH 3 dcH 2 COEt (2) rx > CH,CCHCOEt - R , x 

R 



R' fO 

II I II (l)OH,H,0_ „ II 1 Qu„ heat 

CH,C-C-COEt —^t> CH3C-C-COH —-3 

3 I (2)H,0* I "CO, 

R R 



-$> 





CH,CCHR' 

3 I 
R 



B. Malonic Ester Synthesis 




O 

1) NaOEt . || II (IXCHO3COK 

EtOCCH,COEt 77T^ > EtOCCHCOEt =?=r. - — 



:h,cc 



(2)RX 



) R'X 



R 



R' R' 

|| I || (T)OH~.H,0 II I II T heat TT ,.IU TT ,,, 

EtOC-C-COEt f— > HOC-C-COH -^ HOCCHR 

I (2)H,0 + 1 " C0 2 I 

R R R 



SOLUTIONS TO PROBLEMS 



19.1 (a) Step I CH,CH-COC,H 5 + yOC 2 H 5 
H 



O 
CH,CH-COC,H 5 + CjHjOH 



* 0" 
CH,CH=COC\H 5 
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Ap 

Step 2 CH 2 CH 2 C / ^i~^q li CQC 2 }l 5 <h 
OC 2 H 5 CH, 



9? 



o 

I 



CH 3 CH,C -CH-COC,H 5 
A 



C,H 3 0~ + CHjCH 2 C -CH-COC 2 H 5 
CH, 



OHO 

Step 3 CH 3 CH 2 C -C-COC 2 H 3 + ~OC,H 3 



OH 

II II i II 

(b) CH,CH,C-CH-COC 2 H 5 *■ CH 3 CH,C=C-COC,H 5 



Q P 
CH 3 CH,C -C-COC,H 3 



CH, 



+ C,H 3 OH 



I 

CH, CH 3 



19.2 (a) [ 

(b) To undergo a Dieckmann condensation, diethyl glutarate would have to form a 
highly strained four-membered ring. 




19.3 CH,COC,H, + C,H 5 0" 



8 - i 

C 6 H 3 COC,H 3 + :CH,COC,H 5 




C 6 H 3 C -CH,COC,H 5 + C,ftO" 




C 6 H 5 CH,COC 2 H 3 + C,H 5 0" 




i"CH,cbc 2 H s + C,H 3 OH 

O" 

OC,H, 




I) 



:** C 6 H 3 C L -^CH4:OC 2 H 5 + C 2 H s OH 


H,0 + II II 

-^ > C 6 H 5 C -CH,C0C,H 5 



_o 

C 6 H 5 CHCOC 2 H 5 + C,H,OH 
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- II 



o 



C 6 H 5 CHCOC 2 H s + C,H,OCOC 2 H 5 



C 2 H 5 0-C-OC 2 H 5 
C 6 H 5 CH 

toes, 
o 



WjH 



C-OC 2 H 5 



C,H,0 



COC,H 5 






C-OC,H 3 
P ' C 6 H 5 Cj f + C,HjOH 

COC 2 H 5 

O 

Resonance 

stabilized q 

II 
C-OC,H 5 

H,0 + I 

-2£-* C 6 H 5 CH 



COC 2 H 5 





II . 



2 o 

1 II 



(DNaOCHjCH, 





II 



19.4 (a) CH 3 CH,COC,H 5 + C,H 5 OC -COC,H 5 g—p * J > CH 3 CHCOC,H 3 







II || (1) NaOCH,CH, JJ JL^ 

(b) CH 3 COC,H 5 + HCOC 2 H 5 (2)HO+ " — ** HCCH 2 COC,H 5 



19.5 (a) 




+ HC0C,H 5 



o 

y II 



(l)NaOCH,CH, 



(2) H 3 + 




CH 



I II (l)NaOCH 

(b) CH 3 CH,CCH,CH 2 CH 2 COC 2 H 5 H 



CH, 



™^> r\ CH5 



(1) NaOCH,CH 3 





I II II 

(c) C,H 5 2 CCH,CCH 2 C0 2 C,H 5 + C,H 5 0C -C0C,H 3 (2) g^ 

CH, 



C0,C,H 3 . 

\A H " H o 

I \ , CH 3 (1) NaOCH,CH 3 

C,H 5 0-C /^ (2)H '° + 

" £ 

C0 2 C,H 3 




COjC 2 H 3 
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o 

II 1 

19.6 CH 3 CCH,CHX'H,CH,COC,H 3 + c H o" **" 



H,C 



/ 




II 
COCH 



5 O 

II 
:CH-C-CH, 



-C,H 5 OH HQ fag. 



C2H 5 x/0h V 




II 
C-CH 3 



9 o 

it H II 

-C-CH, 



+ Cj H 5° 



i 2 




CH 



+ C,H 5 OH H, ° > 



° % 

,C-CH 




19.7 The partially negative oxygen atom of'sodioacetoacetic ester acts as the nucleophile 

0.0 0" 

Ch/'-CH-C-OCjHj <-^> CH 3 C=CH-C-0C 2 H 5 

19.8 Aaain, workina backward. 





II. 



heat 



O 

II- II 



(l)dil.NaOH, heat 

(a) CH,CCH,CH,CH, <^ CH 3 CCH-COH <^ : 

3 2 2 3 .cp, i j (2)H,0 + 

CH 3 



II II (l)NaOC,H, II II 

CH 3 CCHCOC 2 H 5 <„\ rur 1 u ' nr CH 3 CCH 2 COC 2 H 5 



9 H 2 
CH, 



(2)CH,CH 2 Bi' 





II 

(b) CH 3 CCHCH,CH,CH 3 
CH, 

CH, 



CH 3 

CH 2 

CH, 

heat II I " jtUm. NaOH, heat 

—^ CH,C-C-CO,H < ; 

-CO 3 | - (2)H,0* 

CH, 

h 

CH, 
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CH. 

I J 

CH, 
CH 3 C-C-C0 2 C,H, 



tl)(CH 3 ) 3 COK 
(2)CH 3 CH,CH,Br 




II 





1L 



CH,C-CHCOC,H, 

I 



CH, 
CH 2 
CH 3 



CH, 
CH 2 
CH, 



(i)NaOC,H, 
' (2)CH,CH : CH,Br 




II 



CH,CCH,COC,H 5 



O 
(c) CH 3 CCH,CH,C 6 H, 




heat II II ^(1) OH", heat 

™3«jHCOH < P. ) H^ 
CH 2 
C 6 H 5 



' -CO 



O 

II II 



(I)NaOCH 



O O 

II II 



CH3CCHC'0C,H 5 *~^ r CH 3 CCH 3 COC 2 H 5 
9 H 2 
C 6 H S 

19.9 (a) Reactivity is the same as with any S N 2 reaction. With primary halides substitution 
is highly favored, with secondary halides elimination competes with substitution, and 
with tertiary halides elimination is the exclusive course of reaction. 

(b) Acetoacetic ester and 2-methylpropene 

(c) Bromobenzene is unreactive to nucleophilic substitution. 

o o o 

19.10 CH,CH 2 CH,COC 2 H s ^|ff^» CH,CH,CH 2 CCHCOC,H 5 

CH, 



O O 



o 



(DNaOH. H,0. heat II II heat II 

: - > CH,CH,CH,CCHCOH ~ > CH 3 CH,CH,CCH,CH,CH, 

(2)H,0 + 3 - - | -CO, i . . ... 

CH, 
I " 
CH 3 

19.11 The carboxyl group that is lost more readily is the one that is B to Uhe keto group (cf. Sec- 
lion I8.1 1 of the text). 
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O 





LI II 



19-12 CH 3 CCH,CH,CC 6 H 5 <*& CH 3 c'cHCOH <^^- 
' - B 3 - c °i 3 I (2)H,0* 

CH 2 

c=o 



(l)OH\ H,0, heat 



C 6 H 5 







O 
PHrrwrVu „(l)NaOC : H 5 
CH,CCHCOC,H, < ch rrw rnr h ' 

4 I 2 5 (2)C 6 H,COCH,Br ^«3^Ht tw( «i»3 

CH, 

C=;0 

m 

i9.i3 ch 3 LJc 6 h, <^ ch 3 LL ^ ;;;;"; HA " c " 

c=o 



m 



O 

II. II 



(1) NaH 



O 

II 



ch 3 cchcoc 2 h 5 <; 2 ; QHsC0C| ch 3 cch 2 coc 2 h 5 



T 



=0 



C 6 H 5 



19.14 (a) One molar equivalent of NaNH, converts 





L ii 



erts acetoacetic ester to its anion. 



O 



CH 3 CCH 2 COC,H 5 + NH 2 - > CH 3 C-CH-COC,H 5 + NH, 

and one molar equivalent of NaNH, converts bromobenzene to benzvne (cl Section 
2I.HB): 




KJ)J + NH 3 + Br" 



is 
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Then the anion of acetoaeetic ester adds to the benzyne as it forms in the mixture. 



6 



o 

COEt 

. / 

:CH 
\ 

CCH, 
II 3 






II 

C-OEi 
XH 



-> ffyf x cjch 3 

kS — o^ hi 



| 

C-OEt 



OP 



Cr Na 
CCH 



then 



3 NH 4 CI 

This is the end product of the addition, 
(hi l-phenyl-2-propanone, as follows: 




CO. 



o 

n 

C-OEt 



CH 



CCH 3 
O 




o 



o 
ii 

C-OEt 
I 
CH 



ft CH 3 (2)H ? 0" 




( I ) OH", H 3 Q, heat 




o 



o 
ii 

C-OH 



CH 



CCH, 

1 1 9 



heat 
-CO 




O 

II 

CHXCH, 



CO, 



(c) Bv treating bromobenzene with diethyl malonate and two molar equivalents of 
NaNK, to form diethyl phenylmalonate. 



O 

II II 

EtOC-CH-COEt 



o 



5 

Br COEt 

/ 2 NaNH, 
+ CH : "" ~> 

CCH, 

II 3 
O 

(The mechanism for this reaction is analogous to that given in part (a).] 

Then hydrolysis and decaiboxylalion will convert diethyl phenyimalonate to 
phenylaeetic acid. 



f I 

EtOC-CH-COEt 





II II 

HOC-CH-COH 



CO] ' 2|H3 °' 



(ll OH", H,0, heat 



heaL 




o 



CHXO,H 



+ CO, 



19.15 Here we alkylate the dianion, 

2KNH, 





II 



O 

II " II 



(l)QH,CH,Cl ^ 
CH,C-CH-COC : H 5 ^* XHX'-CH-COC\H 5 (2)NH)Cl " > 



o 

II I.I 



19.16 Working backward, 

CO,H 

heat I , (l)OH",H,0,heat 

(a) CH,CHXH 2 CHXO,H < _ c0 CH 3 CH 2 CH 2 CH < R Q+ 

CO,H 

CO,C,H 3 CO,C,H 5 

I „ " _ (l)NaQC,H 3 _ I 

CH 3 CH,CHXH *72TcHXHXH,Br | 2 

COX,H 5 COX,H 5 

CO,H 
heat * (l)OH~, H,0. heat 

(b) CH 3 CH,CH,CHC0 2 H < _ CQ - CH 3 CH 2 CHXCH 3 * (2) H ^ + i 

CO,H 



1 
CH, 

C0 2 C 2 H 5 



CH,I 



CH 3 CHXHXCH 3 < (Ch ; )3 cok CH 3 CH 2 CHXH 



COXiH, 

I 



COX,H 5 



CO,C 2 H, 

COXiH, 
^(DNaOC.H L 



(2) CH,CHXH,Br 



COX 2 H 5 



CCH 
heat I (l)OH _ , H n O, heat 
(c) CH 3 CHCH,CH,CO,H < CHXHCHXH < {2)H0+ ' 



CH 3 



I I 

CH 3 CO,H 



COX-.H, COX,H 5 

i (l)NaOC,H, 1 

CH 3 CHCHXH < (2)CH3C AcH 2 Br <f% 

CH 3 C0 2 C 2 H 5 ,U CO,C 2 H 5 



19.17 2H,C-CH-CH,-Br + H,C 
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OH', heat 
-CO,, -EtOH 



O 
II 
19.18 (a) Formaldehyde, H-C-H 



(1) OH", heal 

CN — **■ 

C ' N -NH, 

(2) H,0 + 




CO,H 



Valproic acid 



lb) 



-QH„, g 



H H 



H 



Li* 



C 6 H ? CH,Br j 

"LiBr S 



H CH,C 6 H 5 
HgC1 2 , CH 3 OH. H,0 



-HSCH^H^H^H"*" C 6 H 5 CH 2 CH 



II HA II (l)C,H,Li 

(c) C 6 H 5 CH + HSCH,CH 2 CH 2 SH *■ \ j, m*M > 



Rgg> C6 H 5 C°CH 3 * HSCH 2 CH 2 CH 2 SH 



19.19 By treating the thioketal with Raney nickel. 



(l)C 4 H,Li 



-> 



Raney Ni 



S S (2)R'CH 2 Br s _ 

R H R "CH,R' 



H, 



> RCH,CH,R' 

+ 
CH 3 CH 2 CH 3 



19.20 (a) 




HC 

II 
O 

(I) 2C.,H,Li 




S "\ 



2 HSCH,CH,CH,SH , S 

£ H HA ( CH ''•<'■' > 

I w A W 



r^s L l s"~ 



(2)BrCH,-/Q>-CH 2 Br ^S^ 



hydrolysis 



CH, 
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o^/^vx^o HO ^ /^/\ „ OH 

NaBH, 





(b) 




CH, 



19.21 CH 3 -CCH 2 COC 2 H 5 

CH 



OC : H 5 OC,H 3 



CH, 
I 3 II 
CH 3 -CCH,COH 

(UOH", H,0, heat CH 



I 

OH 



L 



A malonic acid 
heal 



CH, O 

I 3 II 



-CO, 



> HOCCH,CCH,COH 



CH 3 



H \ H* * / CHl 

19.22 (a) C=0 + HN(CH 3 ) 2 ^Z> CHf=*N + H 2 



/ 
H 



CH, 



O^H 




CH,=N * 

CH, 

~hF 



<> ,CH 3 

jam 
s ch, 




H 

(b) C=0 + H-N' 
H 



0- 



o 

II , 

C-CH 3 "*^ 



+H* /~~ 

^=±L EBp*$ ] + H,0 



CHH/^ch,^! 7 



Q^k 



-K 



<^cch 2 ch 2 -nQ 
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+H^ 



+ / 



CH, 



c) C=0 + HN(CHj), <— >• CHf=N s + H,0 




CH, 



<^0-H 



H /C H 3 



■tf 



CH, 



'3 



OH 




CH,N<CH,), ■ ■ (CH 3 ),NCH, ->^.CH,N(CH 3 ) 

- vl repetition . i - - y] ^y 



epe 
of similar 

steps 




CH 3 
1 9.23 These syntheses are easier to see if we work backward. 



CH, 






(a) 



JMc(CH,) 4 CH 3 ^ h,0 




I . o 

C(CH 2 ) 4 CHj ciC(CH,l 4 CH 3 



Q o 



' (CH,CH,),N 




H',-H,0 




Br 



(b) f ^y-CHXH =CHCH 3 4S I 



CH =CHCH, 



BrCH,CH = CHCH, x n; 
< i ~ j 



h - n 



HVH.O 
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(c) 





II 



QHUCCH, < 



O 
(DBiCH : CCH, 

(2)H,0 



N 



."-"0 



HVH,0 



O 
CH,COC\H 5 

f -■■":•' "Y fl)BrCHX'OC,H, (VVrV \^J 

(d) [Ml ■ <-■ I J I 



(2)H,0 




' HVH-,0 



19.24 (a, /PSS_cH,-^»<n>-CH,Br (1)M * Et *° , > (Tj^CH.CO.H 
\W/ ? CCI 4 \W/ 3 (2) CO., then H,0 + V-V 



SOC1, 



//•"^X II ElOH w /p^X II EtOCOEt. /^X ' 

<M^CH 2 CCI ► (Q)-CH : COEt^=-H> <y^CH 

C D % '" F 




II 
COEt 



( CH 3J] CQK CH 3 CH 2x/ COE t H;N n NH C H 3 CH 2 VN 

CH,CH,Br / C \ NaOEt /\ z^ 

C ^ ™Et Cflj , W 

f o H 

Phenobarbital 



COEt 

ll 





(b) See Section 19.3. 

O 

COEt COEt CHX'H, COEt 

/ (DNaOCHj _ I (1)<CH 3 ),C0K 3 ! \ / 

10 ">$ CH '-^— ► C'HCH— CH - — — > C 

mJS> \ 2 (2)CH,CH,Br LM 3 LM 2 V* (2) CH 3 CH,Br „ . /\ 

COEt COEt ■ CH.CH, x C 0Et 

8 ' M 

H 

I ch.ch, r — K 

H,NCNH, 



I 



CH 3 CH, 



-> ', ,"=0 

N - r; ch 3 ch; ^_m 
" dr \ 

Veronal 
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o 



/ C0Et (l)NaOC : H 5 F° Et (1) (CH 3 ) 3 COK 

W> (2)CH,(CH,),CHBr CH,(CH,),CH-CH ( 2 ,CH,=CHCH,Br 

COEt -*U ™ 3 COEt 

i O 



°x / H 



CH^=CHCH, 



O 

CHf =cHCH, x hm H J m 

C -J -*■ 

cawoyyCH x coEt Na0Et ch,(ch,)xh 

" CH, 1 CH 3 0- H 

Seconal 




N 

N 



li II (l)NaOEt ,_ Tr ^ TT _„ "_ „ 

19.26 (a) CH,CH 2 CH 2 C-CH-COC,H 3 < (2) H ^ Q+ CH,CH 2 CH,COC 2 H 5 

CH 2 

CH, 



O 



heat 



(b) CH,CH,CH 2 CCH 2 CH 2 CH 2 ^^^ CH 3 CH 2 CH 2 C-CH-COH 

CH 2 



,(nOH". H ; 0, heat 
' (2) 11,0* 



product of (a) 



Wa heat H i C \ y C0 2 U (l)OH'. H,0, heat 

<c)C 6 H s CHCO,H <^ y C <^^I 

HjC 6 C0 2 H 



H,C C0,C,H s CO,C\H 5 

3 \ / - : 5 (DNaOCH, / " 

/ C \ < P)CH,r ^'^R 1 

H 5 C 6 \'0 2 C 2 H 5 ' ' - CO,C 2 H 5 



II 



( 1 ,C 2 H 5 QC0C 2 H,Na0C 2 H 5 ^^^ 
(2)H,0 T 6 ' " ~ 3 



fl 

f H I' II 

II (l)C,H,OC -COC 2 H v NaOC,H 5 N 

(di CH,CH,CHCOC 2 H 5 < (2) ^ " CH 3 CH 2 CH 2 COC 2 H ; 

C— COCH, 

II II 

o o 





II II HA II II 

(e) CH 3 CH 2 CH 2 C— COC 2 H 5 < H QH CH 3 CH 2 CH,C— COH 

O 

heat II (1)0H"~. H,0. heat 
< rn CH,CH,CHCOH <■.,.■■ n+ - product of (d) 

C— COH 

II II 
O O 



li (l)HC0C n H,,Na0C,H, 1 

(f) C 6 H 3 CHCOC 2 H 5 < (2 ; Hi0+ r " C 6 H 5 eH,COC,H 3 



'I 

f 
O 



(g) 



(h) 



(1) 




o 



H-N 



/ 






CCH 3 ^M N ^c, f _ 

y\XCH 3 (R,Nl y\, H>H,Q 





CM, 



C-CH 3 (CH.JjCOK 



■ <,„.. product or (g) 




CH,CH, 



, heat 
'■CO 




CH 2 CH 3 
CO,H < 



(1)0H. H,0. heat 
' (2) H 3 + 




CH,CH 3 
C0,C 2 H 5 < 



CH,CH,Br 



NaOQH, 




II 
COC 2 H 5 



CH 

II I 



■Zi .,.„JJ 



CH, 



PBr, 



CH, 

II I 



19.27 (a) CH 3 C-C-CH 3 <^r ;CH 3 C-C'-CH 2 Br < CH 3 C-C-CH,0H 



CH 3 CH 3 



I \ CH 3 

< (2)H,0 + CH -' C *[ C0 ^^ * 
CH, 



I 
CH, 

CH, 
HOCH^OH ch £_ I _ co ^ Hs 



HA 



CH, 



CH,I 





II 



cat 



o o 

ii 



KOCICH,), 



CH,C-CH-C0 2 C 2 H 5 < NaQEt CH,CCH,C0C,H 5 
CH, 
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(b) CH 3 CCH,CH 2 CH 2 CH 3 «*= CH 3 C-CH-COH <^^7 

f H 2 

CH, 



fl)OH\ H,0, heat 





II II (l)NaOC,H 5 

CH 3 C-CH-COC 2 H 5 <- (2)CHCH ^ HiBr 

<j:H, 
CH, 



O 
CH 3 CCH,COC 2 H 5 



19.28 la) CH,CH,CHCO,H < 



(2)H,0* 



CH 3 
CH,CH, CO,C,H, 
CH 3 C0 2 C,H f 



heat CH 3 CH, ^ / CO,H ^(potr, H,0, heat 
CH 3 x C0 2 H 

(1) KOC(CH 3 ) 3 



(2) CH,I 



/ 
CHjCH,— CH 



< (1)NaOC ^- h,/ 

(2)CH 3 CH,Br 2 \ 



CO,C,H 5 

( 

CO-,C,H 3 

CO,C 2 H 5 
CO-,C-,H, 



f 8 heat I ?\ __(l)OH-,HAh^t 

(c) CH 3 CCH 2 CH 2 CCH 3 <^ CH,C-CH-COH <-, 



-co, 



i: 



(2) H,cr 



CH 2 

C=0 

CH 3 

CH 3 icH-L,H 3 4WME&— CH^CH ,COC,H 5 
3 I 2 5 (2)CH,COCH,Br 3 

CH 2 " " 

CH 3 



OH 

I 



. NaBH, 




II 



, heat 



(d) CH 3 CHCH 2 CH 2 CO,H < *- CH 3 CCH : CH 2 COH <^ 







(e) 



O 

II (1)0H\H,0. heat „ ,J ,.,„ U n „ u 
CH,C-CH-COH *^ ^ CH 3 C-CH-COC 2 H 5 

'CH, CH, 

CO,H ■ f,'OC,H 3 

<i 1)Na0C ^ - CH 3 ?chJoC,H 5 
(2)BrCH,C0,C,H s 3 - - ' 

OH 

i (l)LiAlH, II jL„ „ (l)NaOCH, 

CH 3 CHCHCH 2 OH <^^ CH 3 CCHCOC 2 H 5 < (2)CHiCH;Br 



C,H 5 





II II 
CH 3 CCH,COC,H 3 



(l)LiAlH., 



(b) CH 3 CHCH,CH,CH,OH < {2)W " CH 3 CHCH,CH 2 CO,H 



CH, 



CH 3 
[from Problem 19.16(c)] 



C0,C,H 3 
(DLiAlH, / " - 

(c) CH 3 CH,CHCH 2 OH < (2)H0 * CH 3 CH— QH 

CH 2 OH CO,C 2 H 5 

[from (a) above] 

JDLiAlH, heat 

(d) HOCH,CH 2 CH,CH,OH < (2)H0 * H0 2 CCH,CH,C0 2 H <-^ 



H0,C 



\ _HC1 

CHCH,CO,H " 



/ 



heat 



HO,C 



C,H 5 0,C . 



CHCH 2 CO,C,H 5 



CH 2 + NaOC 2 H 5 + BrCH 2 C0 2 C,H 5 



C_H 5 0,C ' 



19.29 The following reaction took place: 



CH, 



00 ' / 

CH 3 CCH,COC,H 5 + BrCH,CH,CH,Br Na ° C - h > BrCH,CH,CH,CH 



C=0 



COCjH, 




OH OH 
(f) CH 3 CHCH 2 CHC 6 H 5 < 



O O 

i NaBH, II II „ , compare 

' CH,CCH 2 CC 6 H 5 «*— p rob i em 19.13 
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CH, 



CH, 
(-HOC,H 5 ) 2 3 " 



° C O 



CH-,— CH, 



CH, 

c — o 

(DOtT, H,0, heat // \ T 

— ~ > HO,C-C CH 2 

(2) H,0* 2 \ / 2 

CH— CH 2 

Perkins acid 



CH— CH, 



Perkin's ester 



CO,C 2 H 5 

19.30 la) BrCHXH,Br + CH, + NaOC,H 5 > 

CO,C,Hj 
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CO,H 




CO,H HO,C 





HOX CO,H 



Y 

D 

Racemic form 



Meso compound 



(c) BrCH,CH,CH,CH 2 Br 



KOC(CHj), 



NaCH(CQC,H<: 



■> BrCH 2 CHXH 2 CHXH 



CO,C,H 3 



C0 2 C 2 Hj 



/cox 



(l)OH",H,p 



> 



COXA ( 2 ' H -i° + „„ 
(3)heat,-C0 2 



CO,C,H 5 
CO,H 



CO,C,H s 
BrCH 2 CH,-CH 



(CH,) 3 COK 
(-(CH,),COH) 



BrCHXH 2 



CO,C,H 5 



CO,C 2 H 5 



H 2 C- CO,C 2 H, (1) OH'.H,0,heat 



>\ (2) H,0* 

H,C COXA (3)heat.X0 2 



(b) 2 NaCH(COX,H 3 ), + BrCH,CHXH 2 Br 



-CO,H 



C,H 5 OX /COXjH, 

" H-CCH,CH 2 CH,C-H 

COX 2 H 5 
A 



C,H s OX 

~C,HX>,C 



NaOGH; , 
Br, 



COXA 
/ " " " 
H-CCH,CH,CHX -Br 
/ * " " \ 
C,HjO,C COXA 



NaOGH, . 




COXA 

CO,C 2 H 5 



COXA 



CO,H 



(DOH -,H,Q, 
(2) H,0* 




CO,H 



CO,H 



heat » 
■1 CO, 



19.31 (a) CH,(C0 2 C,H 5 ), + "OCA Sp*" XH(C0 2 C 2 H 5 ), + C 2 H 5 OH 



OP 



^CC 



C 6 H 5 CH ^CH-COCjHj +„ XH(COX,H 3 ), ^=± C 6 H S CHCH -COC,H 

CH(COX,H 5 ), 


,tr* || 

■^±L C 6 H 5 CHCH,XOC 2 H 5 



o\ 



Tj 



CH(C0 2 C,H 5 ), 





I 



(b) CH,NH, + CHf=XH-COCH 3 ^=± CH 3 -IfCH,-CH-COCA 



O 
II 



o 

CH,=CH-COCH, 



CHjN-CH-CHj-COCH, <- 
H 



±: C^NtCHXACOXH,), 



base,. 



COX'H 3 
- / '' ' Dieckmann 

/ - v ^ 0_CH 3 condensatio 



CO,CH, 



h ohT V 



CH— CH, 



/ ^O (several steps) \ / 
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CH 3 O 
(c) CHj-C-CH-^OC.Hs + -OC 2 H 5 
CH(CO,C,H 5 ) 2 



CH 3 



.0 



CH 3 — CH -co q H - 

CH(C0 2 C,H 5 ), 

+ C,H,OH 



CH, O 



I 



II 



CHj-C— -CH-COC,H 5 <=^ CH 3 -C=CH-COC 2 H 5 + ~:CH(CO,C 2 H 5 ) 2 
CH(CO,C,H 5 ), 

The Michael reaction is reversible, and the reaction just given is an example of a reverse 
Michael reaction. 

19.32 Two reactions take place. The first is a normal Knoevenagel condensation, 


. /CCH 3 

R-C=0 + CH,(COCH,), — ^> R-C=C 
I " ' " -H,0 | \ 

r' " R' oca, 

o 

Then the a. /3-imsaturaled diketone reacts with a second mole of the active methylene 
compound in a Michael addition. 

O 

CCH, PL CHCCOCH,), 

/ base \ / 

R-C=C + CH,(COCH 3 ), -^*- C^ 

R' N CCH 3 R' CH(COCH 3 ) 2 






19.33 CH,CH,COC,H 5 



o 
II 

H,N-C-NH, 

H 

NaOGH, 



n 

II 

HCOCH, II 

" "-*> CH,CHCOC,H 5 



NaOGH, 



C=0 

I 
H 



19.34 




C,H 5 cQ fPP 

HN^C^™ 3 
A. CH 

i 

H 
H,C OH 



thymine 



CH, 



(l)CH,Mgl 
(2) NH 4 + 




heat 




(DO, 



(2)Zn. HO Ac 



O 
II 
CH,C(CH,),CHO 



O 



CH,(CO,H), 
pyridine 




II 



'-*> CH 3 C(CH 2 ) 5 CH=CHC0 2 H 
Queen substance 



— ^> CH,C(CH,),CO,H -^-S *► HO,C(CH,) 7 CO,H 

Pd - (2) H Q . - - 

D E 



19.35 CHj=:C-CH=CH 2 + HBr 



19.36 



CH, 



:ch 3 

Na* ~:CH 

CO,C,H, 
-> CH 3 C=CHCH,Br - > 

F CH 3 





II 



CH 3 C=CHCH,CHCCH 3 
CH 3 CO,C,H 5 

G 



(1) dil. NaOH 

(2) H,O r , (3) heat 




> CH 3 C=CHCH,CH,CCH 3 



CH, 



H 



OH 

'/TV 1 ir ,= PH ' 

-> CH 3 C=CHCH 2 CH 2 CCsCH 



(2) H,0* 



CH, 



CH, 



Lindlar's 
catalyst 



-#• Iinalool 




O 

II 
C,H,OC CH, 
- s \ / V 

CH CH, 
/ / " 
C,H s OC H,C 
II "I 
Br 

(C 10 H 17 BrO 4 ) 



NaOCH, 



C,H,OC CH 



(l)LiAIH, 
A J** 72TH^- 



C,H,OC CH, 

"II 

o 

(C I0 H l6 O 4 ) 




CH,OH 



HBr 



CH,OH 



(C 6 H,,0 2 ) 




CH,Br 



CH,Br 



CH,(CO,C,H 3 ), 
2 NaOGH s 




CO,C,H 3 
CO,C,H 5 



CC 6 H.„Br 2 ) 



(C, 3 H 20 O 4 ) 
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(l)OH, H ; 
(2) H,0* 

(C,H 12 4 ) 

19.37 (a) CICH,CO,C,H 5 + C 2 H 5 CT 



R' CI 

R-c' r T^;cHco 2 c 2 H 5 



CO,H 



heal 



> 



CO,H 




C0 2 H 
+ CO, 



(C g H 12 2 ) 
ci-chco 2 c 2 h 5 + C,H 5 OH 



' R' GK 
R-C-CHC0 2 C'H 5 

L 0^ 



1 



R-G-CHC0 2 C,H 5 



(b) Decarboxylation of the epoxy acid gives an enol anion which, on protonatian, gives 
an aldehyde. 



R' 



R-C-^CH^-C-^H + C 5 H S N 

^o o - 



R' W 

' ^-j* R-C=CH ► R-CH— CH 

O 



1 ^i 

o.) 



C 5 H 5 NH 



(c) 




O ClCH,CO,C,H ? 



NaOGH, 




CSjCjH, 



p-Ionone 



IDOH', H,0 
(2) H,0* 




CO,H „„„ , 

2 C,H = N. heat 

o - J -^ ► 

-co. 




XH 

I 
0" 



+ CjH 5 NH 




19.38 (a 



J? 

\ 

( 
/ 



ch 3 ch 2 c nN 



CHX'H,CO,H 



, . H CH,CH,C r—\ 9 H i 

a) 0-^=0 * > ™£2^ <^CH=C-C0 2 H j 



/ \ H 

(b) CU-/QV-C-0 + 



CH,C 



1 

X Q ch 3 co : k > C! 



CH 3 C, 



CH=CHCO,H 



+ 
CH,CO,H 



CH 3 
19.39 (a) CH,=C-CO,CH, 



(c) CHjOH, H + 



(e) and (f) 




C0,CH 3 
CO,CH 3 



(b) KMn0 4 , 0H~, then H 3 + 
(d) CH 3 ONa, then H + 
CO,CH 3 



and 



j O 





(g) OH", H,0, then H 3 + 
OH,H + 
C0 2 CH 3 



CH,0,C 




\ 



(i) CH 3 0H,H + 



m 




CHC0,CH, 
("0 CH 3 ONa, then H + 
CH, 



(h) heat (-CO,) 

( j ) BrCH,C0 2 CH 3 , Zn, then H 3 + 

(1) H,,Pt 

(n) 2 NaNH, + 2 CH,I 



19.40 



<^^C-CH 2 * HCHO f HN(CH 3 ) 2 Ma " mch reac,ion > 







(-H.O) 



o 



CH 3 



0/^C-CH<:H 2 -N(CH,), (2)h ^ : - » <Q^CH r tJ-CH-CH r N(CH 3 ), 



OH 



(CH,CH,CO),0 



: 0™=- 



f" 



C-CH-CH,-N(CH 3 ), 
0-C-CH,-CH 3 



Darvon o 

19.41 In a polar solvent, such as water, the keto form is stabilized by solvation. When the in- 
teraction with the solvent becomes minimal, the enol form achieves stability by internal 
hvdroaen bondina. 
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19 42 Intramolecular cyclization (which would give a product of formula C 6 H g 3 ) is not 
favored because of ring strain. The formula of the product actually obtained suggests a 
l : I intermolecular reaction: 





|| II NaOGH, 
2 C,H 5 OCCH,CH,COC n H 5 !1 -> 



OC,H- O 
,t=0 /COC 2 H 5 



HX^ G& 



CH .CH, 
C,H 5 OC ^r 

o o ° 



NaOCH, 




.COOC 2 H 5 



C,H 5 OOC 



19.43 A gamma hydrogen is abstracted by base (as is an alpha hydrogen in the usual Claisen) 
to give a resonance-stabilized species: 



TCH,-CH=CH-C 



JP 



CH,=CH-CH=C 



'0'.' 



OCA 



v OC 2 H 3 



Ethyl crotonate differs from ethyl acetate by - CH=CH - . a vinyl group. The transmis- 
sion of the stabilizing effect of the - COOC,H, group is an example ot the principle ot 
vinylogy. 

19.44 The synthesis actually involves two sequential Claisen condensations, with ethyl acetate 
serving as the source of the carbanionic species. 








OC,H, NaH, 
2 3 + CH,COOCH 5 5 




-CH 2 COOC,H 5 
,OC 2 H 5 



O not isolated 



NaH, 




CH, 




'19.46 Br 

HO. J^ A OOH 



Br 




Mannich 



HO 




COOH 



OH 
B 



reaction 

Br CH, CH; "V" Be 

N OH 

CH, C 



Hj'drogenolysis 



HO 



CH 




COOH 



OH 
D 
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QUIZ 



19.1 Which hydrogen atoms in the following ester are most acidic? 

; O Si ± 

a b || c || a e 

CH 3 -CH-C-CH r C-0CH-CH 3 



(a) a 



(b) b 



(c) c 



(d) d 



(e)e 



19.2 What would be the product of the following reaction? 



II (DNaOCNH, 

CH,CH,COEt — - — '-^ ? 



(2)H + 



O 

II II 

(b) CH 3 CH 2 CCH 2 CCH 3 

O O 

II II 

(d) CH,CCH,CH,COEt 



■a 

O O 

II II 

(a) CH,CH 2 CCH 2 CH 2 C0Et 

O 

II II 
(c) CH,CH,CCH 2 COEt 

O O 
II II 
(e) CH,CH,CCHCOEt 

CH, 

19.3 What starting materials could be used in a crossed Claisen condensation to prepare 

the following compound? 

O 

II II II 

EtO-C-C-CH-COEt 
I 
CH 3 



(a) CH,C0 2 Et and EtO-C-C-CH,CH 3 ffl Et0 2 CCHC0,Et and HC0 2 Et 

CH 3 

(b) CH 3 CH 2 C0 2 Et and Et0 2 C— C0 2 Et (e) More than one of the above 

(c ) CH 3 CH,CO.,Et and HC0 2 Et 

19.4 Supply the missing reagents, intermediates, and products. 

O 

II II (DNaOCH, .. 

(a) CH 3 CH 2 CH,COEt + EtOCOEt - H , ( , EtQH) > 



B 



(CHjhCOK 
(CH 3 ),COH 



CH 3 CH,I 
(-K1) 



(l)OH~, H,0 

(2) HjO* 



heat 
-CO, 



(b) 



O O 

II II (C,H,) 2 NH 

+ EtOCCH 2 COEt ~^-> 



CH=C 



II 

COEt ll ll 

/ EtOCCH,COEt 



% NaOEt, EtOH 

COEt 
II 
O 

c 



(l)OH' , H,0 
(2) H,0~ 



(c) 




LDA , 
THF 



^^CH-CH 2 C0 2 H 

CH 2 



(■Lil) 




"0 
CH 2 CH 3 



li 



! 
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(d) 



W 



(-H,0) 



H0 Jv^CH-CH^H, 



X Br 

H H 




SPECIAL TOPIC 

Thiols, Sulfur Ylides, and Disulfides 



SOLUTIONS TO PROBLEMS 






C.l (a) / \=o + CHf=S(CH 3 ) 2 

CH 
(b) JjCssD + CHpS(CH 3 ) 2 



CH 3 ' 



y 



O, H 



+ CH,SCHj 



CH 3 v O 

C^-Al'H, + CH 3 SCH, 
CH 3 / 



C.2 (a) /Q\-CH 2 -S=C " Br" ^ (Q/ CH -' 



NH, 



,SH 



(c) 



(e) 



<^CH r S-S-CH 3 -^> (d) <^)"CH r S- 

<^CH 2 -S-C-H 2 -^> 



Na + 



NH 

/ - (l)CH,CH,OH 
C.3 CHpCSCHtBi + S=C H . H Q > CftpCHCHjSH 

NH, ' ' 



H,Q, 



'-> CHpCHCH-S -S -CH 2 CH =CH, 



C.-J CHf=CHCH,OH ~^> CH 2 BrCHBrCH 2 OH ^^> CH,-CH-CH 2 OH 

SH SH 
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392 SPECIAL TOPIC C 



O 
C.5 (a) C1CH,CH-,C(CH 2 ) 4 C0,C 3 H 3 (This step is the Friedel-Crafts alkylation of an alkene.) 

(b, SOCT, 

(c) 2 C 6 H 5 CH,SH and KOH 

(d) H 3 + 

(e) H,C CH(CH,) 4 CO,H 

1 1 
H H 



C.6 H,S; + H^C— CH 7 > HS-CH,CH,OH 



HOCH : CH : SCH 2 CH 2 OH 
(C 4 H 10 SO 2 ) 



HC1 
ZnCl," 



> C1CH 2 CH,SCH,CH,CI 

Mustard gas 



SPECIAL TOPIC 

Thiol Esters and Lipid Biosynthesis 



SOLUTIONS TO PROBLEM 



D.l 






+H*„ 



<r—> 



-H\ 





Bisabolene 



-H,0 




AMINES 



PREPARATION AND REACTIONS OF AMINES 

A. Preparation 

1. Preparation via nucleophilic substitution reactions. 

N;iN,. ethanol « . N'u/eihanol 

> RCH-N, , > RCH,NH, 



RCH,Br- 



O 



orLiAlH, 



> RCH-N 




+ RCH.NH, 



NH, 





-> RCH-.NH, + (RCH 2 ) 2 NH + (RCH,) 3 N (poor method) 



Preparation through reduction of nitro compounds. 

^ 0r N0 ' & Or 



3. Preparation via reductive animation. 



JNH, 



R 



R' 

NH, I 

C=0 -rrrf^ R— CH— NH 2 



R' 

Aldehyde or ketone 

R 



R' 
R 



\ R"NH, : 

/ c=0 "thi r ^ ch-nhr " 



R' 

, / [H] 



4. Preparation of amines through reduction of amides, oximes, and nitriles. 

RCH,Br -^> RCH,CN -^-> RCR,CH,NH, 
ha - 
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S C =0 mOH > Y=NOH Na/elha "°' > R-CHNH, 
/ / I 

R' R' R' 

II || (l)LiAlH. 

R-NH, + R'CCl ► R-NHCR' 7^-777; — > RNHCH.R' 



(2) HO 











II II , (l)LiAlH, „„^ TT , T „„, 

RNHR' + R"CC1 > R"— CNRR' ' , - 4 > R"CH,NRR' 

(2) H 2 L) 



5. Preparation through the Hofmann rearangement of amides. 

3r-,/NaOH 



ff SOC1, 
RCOH ~ 



O O 

11 NH, jj 

RCCI -> RCNH, 



2 (NaOBr) 



■> RNH, + CO-r- 



B. Reaction of Amines 

1. As a base or a nucleophile 
As a base 



— N: + H r O-H 
H 



-N— H + H,0 

I 



/4y a nucleophile in alkytasion 



\ 

-N: 
/ 


+ 


RCH,-X — 


-* -Nt 
1 


-CH : R 


+ 


X 




As( 


nucleophile in 


acxlution 










\ 


+ 




R-C-Cl 


> 

(-Hen 


1 

-N- 




11 

-c- 


-R 




H 

















2. With nitrous acid 

R-MH, ^^> R-N/X" -^> R + 



nx 



I ~ aliphatic 



(unstable) 



alkenes, 
->■ alcohols, 
and so on 
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CuCl 



Ar-NH, -*™L+ Ax-N/X- 
2 HX(0-5°C) 2 

1 " aromatic 



CuBr 



> ArCl + N, 
-> AiBr * N, 



CuCN 



> ArCN + N, 



-> Arl + H, 



HBF. 



Cu,0 



Cu ; \ H.O 
H,PO-, 



-*" ArN 2 + BF 4 
> AiOH + N, 




> ArH + N 7 



<0h« 



-> Ar-N=N 



O^ 



■> Ar-N=N 



D 



R,NH H0N °> R,N-N=0 

2 ° aliphatic 

N=0 
ArNHR H0N0 > ArN-R 
2° aromatic 

R.N NaNa - » R,NH + X~ + R.N-N=0 X" 

3 HX 3 3 

i° aliphatic 



HOMO 



► R,N- 



N=0 



'.-!} 



3° aromatic 



3. With sulfonyl chlorides 

R-NH, + ArSO,Cl , ■ > RNHSO,Ar ^=5 
(-HC1) - Hf 

I tfMBJg 



-OH 



-NR, 
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SOLUTIONS TO PROBLEMS 



[RNSO,Ar]- + H,0 



R,NH + ArS0 2 Cl 
2° amine 

4. The Hofmann elimination 

H 

] I 
HO + -C-C- 

N(CH,), 



(-HCI) 



> R,NSO,Ar 



heat \ / 

-^-> C=C + (CH 3 ) 3 N + H-,0 



20.1 



20.2 



Dissolve both compounds in diethyl ether and extract with aqueous HCl. This procedure 
gives an ether layer that contains cyclohexane and an aqueous layer that contains 
hexylaminium chloride. Cyclohexane may then be recovered from the ether layer by 
distillation. Hexylamine may be recovered from the aqueous layer by adding aqueous 
NaOH (to convert hexylaminium chloride to the hexylamine) and then. by ether extraction 
and distillation. 

C 6 H I2 + C 6 H I3 NH : 
(in diethyl ether) 



ether layer 



H 3 0*"C1 /H 2 Q 

aqueous layer 



(evaporate ether 
and distill) 



C 6 H 13 NH 3 + Cf 



OH 



C 6 H,,NH 2 
(extract into ether 
and distill) 



We begin by dissolving the mixture in a water-immiscible organic solvent such as CHXI : 
or diethyl ether. Then, extractions with aqueous acids and bases allow us to separate the 
components. [We separate 4-melhylphenol (/;-cresol) from benzoic acid by taking ad- 
vantage of benzoic acid's solubility in the more weakly basic aqueous NaHC0 3 . whereas 
/j-cresol requires the more strongly basic, aqueous NaOH. J 

C 6 H 5 C0 2 H,p-CH 3 C 6 H 4 OH, C 6 H 5 NH 2 , C 6 H 6 
(in CH 2 Cl,) 



F 



aqueous layer 



NaHC0,/H 2 O 

CHjCl, layer 



C 6 H,CO, Na* 



H,0 + 



C 6 H 5 CO,H 
Separate and 
recrystallize 



p-CH 3 C 6 H 4 OH, C 6 H 5 NH 2 , C 6 H 6 
aqueous layer 



NaOH. H 2 

CH,C1 2 layer 



1 



p-CH 3 C 6 H 4 0~ Na" 



H,0 + 



P-CH 3 C 6 H 4 0H 



CjHjNH,, C 6 H 6 

aqueous layer 



HjO*C17H,0 
CHjCl, layer 



1 



CH,U, and distill 6 3 ' 



OH 



Extract into 
CHgflL and distill 



Isolate by 
distillation 
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20.3 (a) Neglecting Kekule forms of the ring, we can write the following resonance struc- 
tures for the phthalimide anion. 

f f if 



c 

I 

0" 



(b) Phthalimide is more acidic than benzamide because its anion is stabilized by reso- 
nance to a greater extent than the anion of benzamide. (Benzamide has only one carbonyl 
group attached to the nitrogen atom, and thus fewer resonance contributors are possible. ) 



(c) 




o 



NH,NH 2 



=N-R 
/ 




NTRNH, 
?>H 2 NH 2 ^. ~C»- 



CO. 



Then, 



o 




o 

II .. .. 

C— NHNH, 

C— N— R 

II -k - 

O 



° 



a 

II .. .. 

C— NHNH, 



N-R 



"In.. 

H,NNH, 



^-^^C— N— 



NH,MH, 



R 



H 




C-NHNH, 



C— N-R 

(T 11 I 
*0 H 




a 



o 

NH 

C /NH, + 
(/ X NHR 



O 

11 H 

C ~N- H 

I 

N. 
C ^H 

CVA+ 
O^NH 2 R 





N 
I 



+ RNH, 



-H 



20.4 




CO. 



"•NH 



KOH 



(p-S^rS - C 6 H 5 CH,Br 



(-KBr) 
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o 



O 

I II 

; N - Q W 5 2S> C 6 H S CH 2 NH 2 + y£ 1 
,- reflux Benzylamme | W 

O 



20.5 (a) CH 3 (CH 2 ) 3 CHO + NH 3 ~^> CH 3 (CH 2 ) 3 CH 2 NH 2 

(b) C 6 H 5 CH,CCH 3 + NH, A* C 6 H 5 CH,CHCH 3 

O NH, 

(c) CH 3 (CH 2 ) 4 CHO + C 6 H 5 NH, U ™>™ > CH,(CH 2 ) 4 CH 2 NHC 6 H 5 

I.iBH,CN 



(d) C 6 H 5 CHO + (CH,),NH 



CH.OH 



-*- C 6 H 5 CH 2 N(CH,) 2 



20.6 The reaction of a secondary halide with ammonia would inevitably be accompanied b_\ 
considerable elimination, thus decreasing the yield. 



R' 

RCH-X + NH 3 - 
(excess) 



R' 

subs ' ilulion > RCHNH, 



elimination 



> alkene 



20.7 (a) C 6 H 3 C0 2 H «b C 6 H 5 C0C1 CH > Cii ^- > 



C 6 H 5 CONHCH 2 CH, LlA1 " 4 > C 6 H 5 CH 2 NHCH,CH 3 



NaCN, 



(b) CH 3 CH 2 CH 2 CH 2 CH : Br > CH 3 CH,CH 2 CH 2 CH 2 CN 

LiAIH, 
-> CH 3 CH 2 CH 2 CH 2 CH 2 CH 2 NH, 

SOC1-, (CH,CH,CH,),NH 

(c) CH 3 CH 2 C0 2 H H> CH 3 CH 2 C0C1 - — - — '—^ > 

LiAIH 4 
CH 3 CH 2 CON(CH.,CH 2 CH 3 ) 2 > N(CH 2 CH 2 CH 3 ) 3 



II NH,OH 

(d) CH,CCH 2 CH 3 — — 



NOH NH, 

> CH 3 CCH 2 CH 3 NTa/e ' ha " ' > CH 3 CHCH 2 CH 3 



am mmnes 



20.8 (a) CH 3 



(b) CH30-/Q 



Fe „ 

TS» CH 3 



°^S 



NH, 



CH,COCl //^\ I NH„H, 
* CH 3 0^())-CCH, — T7 ' 



A1C1, 



3 Ni 
CH-,0- 



(c) 



N ' NH, 

<0> CH3 ■** ©" CHlC1 ™^ <P>CH 2 N(c Hl , 3 cr 



(excess) 
(d) 0. 



]N ^ CHj ,^M*0 % CN^-CUH J». 

YQVc-ci — h* o 2 nYQVcnh, -^|t>o 2 nhY^)Vnh, 



o< 



<o i )>-Ci-K . N'f.i| -^^*> 



ch 



KCN. 
Br *" 



/P~^\ (l)LiAlH 4 , Et,0 ^ /^X 

(Q^CH.CN (2)Hj0 - ► <Q)-CH : CH 2 NH 2 



20.9 An amine acting as a base. 

CH 3 CH,NH 2 + H ,0 + ^=^ CH 3 CH 2 NH 3 + + H 2 
An amine acting as a nucleophile in an alkylation reaction. 
(CH,CH 2 ) 3 N /+ Of%— I > (C1I 3 CH 2 ),NCH 3 f 

An amine acting as a nucleophile in an acylation reaction. 

^ (* O 

(CH,),NH + CH,C^ »■ (CH,),NCCH, + (CH,),NH-, CI" 



(excess) 



£ci 



An amino group acting as an activating group and as an ortho-para director in eleclrophilic 
aromatic substitution. 



NH, 
I \^J J room temp 



NH, 




,i.sL 



MAWitS <W\ 



20.10 (a, b) "o-N=0 + H 3 + <=^ HO-N=0 + H,0 

HO-N=0 + H 3 + ^=> Hd-N=0 + H,0 

•H 

H(5-N=0 ^Z±: h,0 + N=0 
H 



;:N{CH 3 ), C.N(CH 3 ) 2 

1 1 + N=0 > 

H NO 



:N(CH 3 ), 



NO 



(c) Tlte NO ion is a weak elcctrophile. For it to react with an aromatic ring, the ring 
must have a powerful activating group such as -OH or -NR,. 



NO, 



20 



11 (a) O ^ 



fuming HNO3 , 



, heat 




H,S 



(b) 




NO, 



NO, 



NH„ GH,OH 



HCI/NaNO, 
H,0 (0-5°C) 




NO, 

NO, 




CuCl , 



N,C1 




CI 



[as in (a)] 



NO, 



NH, 



(c) 



FeBr, 



(1) Fe, HC1, heat 
w , , i 

(2)OH" 

NO, NH, 

(1) Fe, HCI. heat^ 

(2) OH" 




Cl 





(by nitration 
of benzene) 
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NO, 



NH, 



NHCOCHj 



«'0 



(1) Fe, HC1, jigtt 

(2) OH- 



(CH,CO),0 



Oconcd. 



[as in (c)] 



NHCOCHj NHCOCH, 

o ■=% co* ' 



NH, 



heat 



57% H,S0 4 




.NO, 



(e) 



S0 3 H 



NHCOCH3 NHCOCH, NH, 

HNO,. , -;■ -■> H* 



CO) s* o 



H,0 



[from part(d)] NO, 

(plus a trace 
of ortho) 



NO, 



NH, 




0^0 ^ 6 m* 

^Y y^no, y^ NO, 

NHCOCH3 NHCOCH, NH 2 

CH 3 



H3PO, w fr\] (I)Fe.HCl 



N 2 + 
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CH, 




CH, 



HONO Y 



NH, ^ N, 



CH 3 

01 *>in 



CH 3 (f) CH 3 




CO,H 

20.14 NH, NH, N, + 

/-k Br^ J\^Br Br J\.Br 

l/Yl Br, Y^f H,S0 4 /NaNO, f " .": Oihr 

LwJ FeBr, ** LwJ (0-5°C) 




NO, 



NO, 

Br Br 

Br^^A^-Br „ Btx^N^Br 



NO, 

Br 
... .N^Br 



'or^'w 2 ^^ to. 




NO, 



NH, 



N, 



H,PO, 

57" 






NaOH 
pH 8-10 



a-i 



N-<Q}-S0 3 Na 



COO 



,OH 



Orange II 
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20.16 



NO, 



HNO, 



H,SOj 



Fe 
HC1 



Nil, 

o 



H,S0 4 /NaNO, 
(0-5°C) 



o 



> 

pH5-7 



^^-^N-^H^CHj), 



oh 



20.17 



/^s\ H 2 S07NaNO, //"\\ >• » ^ „ 

CH 3 CH 2 0-<QVn-H 2 ' (0 -5T) '* CH 3 CH 2 0^(J^N, -5^ 

CH 3 CH,0 -\OV N =N \0/ 0H 



NaOH 
CH,CH,Br 



SnCl, 



CH 3 CH 2 -{O/ N=N \0/ OCH 2 CH 3 

B 

n 

/ — V " /s-^\ II 

2CH 3 CH 2 0-(Oy- N:H ^ (CHjC ' ; ° > 2CH 3 CH 2 0-<Q)-NHCCH 3 



> 2 

Phenacetin 



20.18 ( 1 ) That A reacts with benzetiesulfonyl chloride in aqueous KOH to give a clear solution, 
which on acidification yields a precipitate, shows that A is a primary amine. 

(2) That diazotization of A followed by treatment with 2-naphthol gives an intensely colored 
precipitate shows that A is a primary aromatic amine: that is, A is a substituted aniline. 

( 3 ) Consideration of the molecular formula of A leads us to conclude that A is a methylani- 
line (i.e.. a toluidine). 

CAN ^^^ 

-can =\Or m i 

CH, 






But is A 2-methylaniline. 3-methylaniline. or4-methylaniline? 

(4) This question is answered by the IR data. A single absoiption peak in the 6S0-840 cm" 
region at 815 cm' ' is indicative of a para substituted benzene. Thus. A is 4-methylaniIine 
(p-toluidine). 
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20.19 First convert the sulfonamide to its anion, then alkylate the anion with an alkyl halide. 
then remove the -SO,C 6 H 5 group by hydrolysis. For example. 



R-N-SO,C 6 H 5 -*► R-N-SO,C 6 H 5 R ' CHlX > 

CH,R ^ _ CH,R' 

R-N-S0 2 C 6 H } -^7> ^> B.-R-B + W0»" 



NH 2 
20.20 (a) (Q) 

Aniline 



(CH,CO),0 



^ ^ 




Sulfathiazole 



NHCOCH,CH,CO,H 



(b) 



K Q 




Succinylsulfathiazole 



CH, 



20.21 (a) C 6 H 5 CH 2 NHCH 3 



(c) 



(e) 






Ph 



CH,CH, 



(b) (CH 3 CH) 3 N 



CH, 



* o 



NH, 



(f) 



W CH 3 

I 
H 



1 
CH 2 CH, 



A NH, 
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(g) 



f Br 



9 

i 

CH 2 CH 3 

a»0Q> 

H H 



» t) 




CO,H 



Ch 



(k) CH,-N-H n" 
I 

CH, 
(m) H 2 NCHjCH 2 CH,OH 
(o) 

(q) CH 3 oYQ/~ NH 2 

CO,H 

20.22 (a) Propylamine 

(bi /V-Methylaniline 



(J) U W-NHCCIl: 
(1) 



Ox«, 



I 
H 



W (CH 3 CH 2 CH,) 4 N + Cf 
V: =^ / CH 3 



W (CH 3 ) 4 N + OH~ 
NHCH, 

»P 

(h) Benzylaminium chloride 
(i) A'./V-Dipropylaniline 

(c) Isopropyltrimethylammonium iodide (j) Benzenesulfonamide 

(d) 2-Methylaniline(o-toluidine) (k) Methylaminium acetate 

(e) 2-Methoxyaniline (oro-methoxyaniline) (1) 3-Amino-l-propanol 
(!) Pyrazole (m) Purine 

Igi 2-Aminopyrimidine (n) A'-Methylpyrrole 



20.23 (a) 



©~- 



(2)H,0 
+ LiAIH, s_> 



/^\ ft (im-iQ 

(b) <YJVc-NH, + LiAIH, — 



<OV CH : NH : 






.1 
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(c; 



<0>^ Br \&^ <0> c « 

o 



NH,NH, 



/QVch.nh, + 




(d) (QVcH-jOTs + NH, > (QWnH, 

N / (excess) \ / 

W (Q^CHO * NH 3 J|* ^Q)^CH 2 NH 2 

(f) /QVcHjNO, + 3H 2 ~&* /QVcH 2 NH 2 

(g) \Q^ CH ^NH 2 -~> (Q^CH 2 NPI 2 * fXSf 



20 .24 (a) (HI J5 ^> TO 

ivyj H,so 4 iw 



NO, NH, 

(1) Fe, HCL heal 



(2) Off 



-> 



Br 



MgBr 



(b) 



Et,0 



(1)CQ 2 
(2) H,0 + 



\/ OH \/ Q 

A SOC1, A NH < ■ 

(excess) 



\/ NH = 



NH, 



Br, 



NaOH 
Hofmann rearrangement 



Ec) 



CONH, NH 2 

Br, 

— *-* 

Off 
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PBr 
20.25 (a) CH 3 (CH,),CH 2 OH — '-> CH 3 (CH,) 2 CH,Br 



0> 

o 







> 



[fj]^NCH,(CH 2 ) 2 CH 3 



NH,NH, 



> CH 3 (CH 2 ),CH,NH, 




.11 

1 



NaCN (l)LiAlH 4 , Et,0 

(b) CH 3 (CH,) 2 CH,Br ^-* CH 3 (CH 2 ) 3 CN ( , )HX) ' > CH 3 (CH 2 ) 3 CH 2 NH 2 

[from part(a)] 

(c) CH 3 (CH,) 2 CH,OH (1)KMn0 "" H > CB£X£S&Qfl 

v * 3 2 - 2 (2) H 



(l)SOCl 



Br, 



(2)NH, 



i> CH 3 CH,CH,CONH 2 ---> CH 3 CH,CH,NH, 



oh: 



PCC CH,NH, . 

(d) CH 3 (CH 2 ),CH 2 OH "^^> CH 3 CH,CH 2 CHO ^ > 



CH 3 CH,CH,CH,NHCH 3 



20.26 (a) 



NH, 



NH, 



NHCOCH 



(CH,CO),0 , 



» O * O 




heat 

► 




"© 










o 

NHCOCH, NH, 



(2) OH - 



[from part(a)] 



NO, 



N0 2 



\. 
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NHCOCH, 



NHCOCH, 



[from part(a)] |gyg SOJM, 



(e) 



4 CH S^ (CM 



CH, 



CH 3 



NH 



ft 



N, + X N, + BF 4 " F 



N, + X" 



CI 



(g) 



CuCl, 



[from part(f)] 

aX Br 

CuBf > [Q] 
[from part(f)] 

N, + X" 

u) (Q) ^.> 

[from part(f)] 
N + X~ CN= , 

[from part(f)] 
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CN 



CO,H 



y(l) H*,H,Q ffT-V\ 

mr^ HO 

[from part(j)] 
N 2 + X" 



OH 



[from part(f)] 
N, + X" 

« (Q) f^ O 

[from part(f)] 

<.. d * d ^* CH-C^ 



pH8-10 
[from part(f)] [from part(l)] 



OH 



N 2 + X 
(o) O + 



N(CH 3 ), 



d -&* @*-€H J * 



[from part(f)] [from part(e)] 
HOMO 



20.27 (a) CH 3 CH 2 CH 2 NH 2 NaNa/HCl > [CH 3 CH 2 CH 2 N./ 



CI 



[CH,CH,CH 2 * 



H,0 



CH,CH,CH 1 OH 



hydride 
shift 



> [CH3CHCH3] 



W -1?, 

CH3CH =CH 2 



H-,0 



-CI 



OH 



CH,CH n CH 1 Cl 



CH,CHCH 3 
CI 



HONO 



(b) (CH 3 CH 1 CH 1 ) 2 NH ^^> (CH 3 CH 2 CH 2 ) 2 N-N=0 
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(C) 



OH 



p 



HONO 



CH,CH,CH, 



NaNO/HCl 



OH 



N=0 



CH,CH,CH, 



HONO 



(d) ^=^\h 2 ch 2 ch 3 NaN( ^ /HC1 



> o=n^O/ K 



CH,CH,CH 3 



CH 2 CH : CH 3 



(e) 



aw*-®** SSsr* w#i' 



-n, or 



KOH, 



20.28 (a) CH 3 CH,CH,NH, + C 6 H 5 S0 2 C1 777^ CH 3 CH 2 CH,NS0 2 C 6 H 5 



H,0 



H^O" 



r 

Clear solution 



CH 3 CH,CH,NHSO,C fi H s 

Precipitate 



KOH, 



(b) (CH 3 CH 2 CH 2 ) 2 NH + C 6 H 5 S0 2 C1 ^> (CH 3 CH 2 CH 2 ) 2 NSO ; C 6 H 5 

Precipitate 

HjO' No reaction 

(precipitate remains) 



(c) 



OH 



p 



+ C 6 H 5 S0 2 C1 



CH,CH,CH 3 



KOH t 
H,0 



OH 



;0 2 C 6 H 5 



CHXHXH, 



Precipitate 

H;Q T No reaction 

(precipitate remains) 



/— -\ CH 7 CH,CH, 

(d) (Oy-N + C 6 H 5 S0,C1 f|> "° " ' h " 

\^0^ CH,CH 2 CH 3 2 



(3° amine is insoluble) 



H,O f 



©* 



-i> '! !)-NH(CH 2 CH 2 CH 3 ) 2 
3° Amine dissolves 
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(e) 



WCJ^ + C6H3S ° 2C1 S* C 3H 7 -<^-NS0 2 C 6 H 5 



Clear solution 



-^ C 3 H 7 -^>-NHS0 2 C 6 H 5 



Precipitate 



20.29 (a) ( N-H 



HONO , 
NaiNa/HCI 



N-N=0 



m 



N-H + C 6 H 5 S0 2 C1 f§> <^Jn-S0 2 C 6 H 5 



20.30 (a) 2CH,CH 2 NH, + C 6 H 3 C0C1 >■ CH,CH 2 NHCOC 6 H 5 + 

CH,CH 2 NH, + Cr 

o o o 

II * II 

fb) 2CH,NH 2 + (CH,C) 2 > CH,NHCCH, + CH 3 NH, CH,CCT 



II 



8 



HX"" "V HX 

(c) "I + 2CH.NH, > I 

HX--/ H,C 




II 



V\ 



-NHCH, 



"~CO~ CH 3 NH 3 + 



II f" - — *fv 

(d) [product of (c)] -^> \ jM»a + H 2 + CH 3 NH, 

HX-/ 
1 



O 



CO 



9 

H 







COH 

II 

o 
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(0 



Q + (CH 3 CO) 2 > (f% + CH 3 C0 2 H 



N 

I 

H 



N 
I 

c/^CH 5 



O 



(g) 2 (O/ ^ + CH 3 CH 2 CC1 > <T^-NHCCH,CH 3 + 

<Ox- NH/ c 



cr 



CH 2 CH 3 



heat. 



(h) CH 3 CH 2 -rV-CH 2 CH 3 OH~ -^> CH^CH, + (CH 3 CH,) 3 N + H,0 
CH 2 CH 3 



NO, N0 2 

xix NH 3 r x<ix > 

(i) OL + HjS ^^ QL 

\/jNO, ^^NH, 



CH, 



CBL 



(excess) Br-^^T "Br 



NH 2 
CH, 



NH, 



CH 3 CH, 

JL .NO, X. 

20.31 (a) ff^Jl «" * » ifY ' * O 

KyJ h-,so 4 iJw*J LV_/J 



CH 3 



NO, 
Separated 

:h, CH, 



NO, 



NH, 



N/X- 



CH, 



HBF. heat 



O ss^ o^a^ 
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CH, 



CH, 



(b) 




NO, 



(1) Fe, HC1 

(2) OH" 




NH, 



HONO 
0-5°C 



[from part (a)l 



CH, 



CH, 




N, + X' 



KI 




CH, 



(c) 



IL^J (2) OH' 

NO, 

[from part (a)] 



(I) Fe, HC1, heat 



CH 3 C'H 3 

(Pfl (D^SO/NaNO, rf^ 

IvAl (2)Cu 2 o, cu 2 \ h,o ^~y 

NH, OH 



NH, 



N,* X 



CI 



HCI/NaNO, 



'NH, 




CuCl, 



N, + X 




CI 



[by reduction of m-dinitrobenzene, 
cf. Problem 20.11(a)] 



N, + X 

^* N, + X 
[from part (d)] 

NO, 



CN 



CuCN^ 




CN 



NO, 



NH, 



(l)H,S0 4 /NaNO, 



(2)KI 
"NH, 

[from Problem 20. 11 (a)] 



" '■"■'" (1) Fe, HC1, tea rV— C-i 

KJl (2i oh LwJ 



OH 



NO, 



(1) HBr/NaNO,, 

(2) CuBr 



NH, 
[from Problem 20.11(a)] 



(PHONO ¥ f^| 

(2)Cu,0, Cu 2 *, H,0 ^yjJL 



NO, NH, 

&(1) Fe, HC1, heal 
* 
(2) OH" 
Br 




■Br 



(l)H,SQ 4 /NaNO, 
(2) CuCN 



CN 

6» 



NO, 



NO, 



NO, 



NO, 



»o 



Br, ffYl H,SO.,/Na 


NO, r^Vl H,PO, 

— lOl *• 


IT^Y Br 


Br / ^ r / '^Br Br 


NH, 


N, + 




Br 



NH, 
[from Problem 20.11(e)] 

NO, 

X^n (1) Fe, HC1, heat 
(i) jCj] ~ te 



(2) OH 



NH, 

:6) 




[from part (h)] 
NO, 

Br^ri 31 

NH, 

[from part (h)] 



Br ^^ Br 



NO, 



(1) HBr/NaNO, 

(2) CuBr 



NH, 



Ol s 



(1) Fe, HC1, heat 



Br' "-v" Br 
Br 



(2) OH" 



OH 



(l)H,S0 4 /NaNO, 



rfTj (')M ; .WiNaiNU ; ^ ™ 

IV-iX (2)Cu,0, Cu 2 ", H,0 )S~J\ 

i^ Y^Br Br 

Br 



NH, 



(k) 



(DHjSO/NaNO, 



[y~V| (l)H,SO.,/h 

L>— ->L (2) CuCN 



■■> Y Br 
Br 

[from part (j)] 
NO, 

m A 

Br ^Y Br 

NH, 
[from part (h)j 



CN 

6 




Br' ^y Br 
Br 



NO, 



(DH,S07NaNO, 
(2) CuCN 

NH, 

Q 

Br' ^Y^'Br 
CO,H 




NO. 



'2 



H0 , 



*■ lOl 

heal JO — J- 

Br Br 




H, 
Pt 



CN 



CO,H 




mH,S0 4 /NaNO, 
(2)H,PO, 



Br 



CO,H 
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(m) JO 



NO, NO, 

(HH^O/NaNO, , r^~^l : j > Fe. HC1, heat^ 

(2) KI 



OL S 



Br ^^ Br 

NH 2 

[from part (h)] 



Br > ST Br 



OH" 



NH 2 

6 

I 



(l)H : SO/N aNO 
(2)H,PO, 



*J&> 



C'H, 



CH, 



'-0 



fuming HN0 3 
H,S0 4 




NO, 



H,S,NH, 



(cf. Section 20.5B) 



CH 3 CH 3 

(7)1 " OH^SOyNaNO;^ [(ST 

'->■-.■ > (2) CuBr -' -- •'-' 





CH, 



«[Q 



*©, 



(PHiSCyNaNO, 




0, 



(2)Cu,0, Cu-, H,0 
NH, OH 

[from part (n)] 



CH, 



CH, 



«o 



NO, 



(DHzSO^/NaNO, 
(2) CuBr 



NH, 
[from part (n)] 




(1) Fe, HC1, heal 



(2) OH" 



-> 



CH, CH, 




(DHiSOj/NaNO; 
(2) CuCN 



Br 



Br 



,CN 
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(q) 



//^-nX H,SOj/NaNO, r /YY\_\t + w 

H 3 C-<X)y-NH, ^—^ H* H 3 C ~\W/ 2 

(Q^OH, pH8-lO 
Y 

h 3°-<0 ) ~ n " n ^O^ oh 



[from part (c)] 



H,C-<0>-OH 



HO 



» V-Qhtf ^S^> H 3 C^p>-N=N-^> 



X 



N CH, 



[from part (q)] 
20.32 (a) Benzylamine dissolves in dilute HCl at room temperature, 



C 6 H 5 CH,NH 2 + H 3 + + Cl~ 



benzamide does not dissolve: 



25°C 



25=C, 



> C S H 5 CH,NH, CI" 



C 6 H 5 CONH, + H 3 + + C\' > No reaction 

(b) Allylamine reacts with (and decolorizes) bromine in carbon tetrachloride instantly. 

CH,=CHCH,NH, + Br, 51* CH,CHCH,NH, 



propylamine does not: 

CH,CH,CH,NH, + Br, 5S#> No reaction if the mixture 

is not heated or irradiated 



(c) The Hinsberg test: 



/ V 



K + 



H 3 C aO) _NH > + C ^ S °i Cl W* H 3 C-<jQj>-NS0 3 C 6 H 



H,0" 



Soluble 



H 3 C-hY^NHSO,C,H, 



Precipitate 
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<P^NHCH 3 + C 6 H 5 S0 2 C1 |g> <QhNS0 2 C 6 H 5 

CH, 



(d) The Hinsberg test: 



f VnH 2 + C 6 H 5 S0 2 C1 ^> 



H,0 



HiO* Precipitate 
remains 



Precipitate 



■NSO,C 6 H 5 -^> 



Soluble i \ 

<^J>-NHS0 2 C 6 H 5 



Precipitate 



(g) The Hinsberg test: 

(C,H 5 ) 3 N + C 6 H 5 S0.,C1 ^> No reaction -^— ► (C,H 5 ) 3 NH 
HiO 

Soluble 

KKiMI + QH,SO,Cl ^> (CH.JjNSO^C.H, M$> **&&&* 
HiO " ■ " remains 

Precipitate 



( h ) Tripropylaminium chloride reacts with aqueous NaOH to give a water insoluble ter- 
tiary amine. 



(CH 3 CH 2 CH 2 ) 3 NH + CI 
Water soluble 



H,0 



> (CH 3 CH,CH 2 ) 3 N 
Water insoluble 



( N-H 



+ C 6 H 3 S0,C1 ^> 
632 H,0 



(e) Pyridine dissolves in dilute HCI. 



O n + ■* 



+ + cf 



N-SO,C 6 H 5 ^> Precipitate 
- ° remains 



Precipitate 



o-« 



CI 



benzene does not: 



Tetrapropylammonium chloride does not react with aqueous NaOH (at room tempera- 
ture), and the tetrapropylammonium ion remains in solution. 

_ NaOH^ 
(CH 3 CH 2 CH,),N + CI "j^T* (CH 3 CH 2 CH,) 4 N + [CI or OH ] 

Water soluble Water soluble 

(i) Tetrapropylammonium chloride dissolves in water to give a neutral solution. 
Tetrapropylammonium hydroxide dissolves in water to give a strongly basic solution. 

20.33 Follow the procedure outlined in the answer to Problem 20.2. Toluene will show the same 
solubility behavior as benzene. 



0*H„ 



-#• No reaction 



CI 



( Aniline reacts with nitrous acid at 0-5°C to give a stable diazonium salt that couples 
\\ ilh 2-naphthol, yielding an intensely colored azo compound, 

HO 



o** 



H,S0 3 /NaNO, 



0-5°C 



— ^ 



€N 



2-naphthol 



o 



Cyclohexylamine reacts with nitrous acid at 0o°C to yield a highly unstable diazonium 
salt— one that decomposes so rapidly that the addition of 2-naphthol gives no azo com- 
pound. 



H,SO,/NaNO, 

nh, " ;_._ — -*■ 



0-5°C 



N, + 



'2-naphthol 
alkenes, alcohols, and so on > No reaction 



20.34 



H,C 
H,C- 



O 

'a 



O + NH, 



QiW. 



o 

> H 1 NCCH,CH.,COH 



W 




Br„ OH" 

, c " y > H 2 NCH 2 CH,C0 2 



H* 



> H 3 NCH,CH.,CO,~ 



20.35 (a) HOCH^CHOoCH^OH 



2PBr, 



> BrCH,(CH,) 8 CH,Br 



2(CH,),N 



(CH 3 ) 3 NCH 2 (CH 2 ) S CH 2 N(CH 3 } 3 2 Br 



(b) HO,CCH 2 CH,CO,H + 2 BrCH,CH,OH ,_ " n > 



(-2 H : Oj 



BrCH.,CH.,0.,CCH,CH.,CO,CH,CH.,Br 



2(CH 3 ),N 



(CH 3 ) 3 NCH 2 CH 2 2 CCH 2 CH 2 C0 2 CH 2 CH 2 N(CH 3 ) 3 2 Br 
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H,NU /N^NH 



H 1 N V ^N S -NH : ,'U r* 



^ N ^ NH THRr HN ^- 1N s. /""-i^i V» 

Yr^x - \ - -h>o 2 Yr^Y ' ? H Bi 

1 1 J + C— CH-.Br — — *■ It * I I 

nV-^ n' - Nis^\ ^C-CH-.Br 



"NH, 




\i Hco, 



(-HBr) 



CO,H 



Y N CH,— Br + H,N-(()V-CONHCH 
0H ^ ' CO,H 



zf^L^ folic 
acid 



20.37 The results of the Hinsberg lest indicate that compound W is a tertiary amine. The 'H 
NMR provides evidence for the following: 

( 1 ) Two different C f) H 5 -groups (one absorbing at 5 7.2 and one at 5 6 7). 

(2) A CHjCHn-group (the quartet at S 3.5 and the triplet at fi 1.2). 

(3) An unsplit -CH-,-group (the singlet at 54.5). 

There is only one reasonable way to pull all of this together. 



©-«**© 



CH 2 
CH 3 

Thus W is A'-benzyi-/V-elhylaniline. 

20.38 Compound X is benzyl bromide, C 6 H 5 CH : Br. This is the only structure consistent with 
the 'H NMR and 1R data. (The monosubstituted benzene ring is strongly indicated by the 
(5H). 8 7.3 'H NMR absorption and is confirmed by the peaks at 690 and 770 enr 1 in 
the IR spectrum.) 

Compound Y. therefore, must be phenylacetonitrile. (C 6 H 3 CH 2 CN) and Z must 
be 2-phenylethylamine. C H ? CH,CH,NH-,. 

(Q>-CH : Br ^V <^)-CH 2 CN ^±» (Q^CH 2 CH,Mi : 



C 7 H 7 



Y 

C S H 7 N 



C 8 H I( N 



Interpretations of the IR and 'H NMR spectra of Z are as follows. 





Id (b) (n) 
C^-GHU-NH, 



(a) singlet 5 1.0 

(b) triplet 5 2.7 

(c) triplet 5 2.9 

U/) multiplet 5 7.25 



20.39 



ay * 



& 




NH, 



-H,0 



(several steps) 




H : , 
Pd ' 
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20.40 



Ag 2 Q, 
H,0 ' 



OH 



-HO 



CH, 



CH, 



H 3 C 



CH, 



CH,I 



PCH 3 
CH, 



(CH 3 ) 3 N' j 

+ 

li 



CH 2 =CHCH,CH,CH,N(CH 3 ) 3 OH" 
V 



heat 



> CHj=CHCH 2 CH=CH 2 + H,0 + (CH 3 ) 3 N 
W 



20.41 That A contains nitrogen and is soluble in dilute HCl suggests that A is an amine. The two 
IR absorption bands in the 3300-3500-cm-' region suggest that A is a primary amine. 
The l3 C spectrum shows only two signals in the upfield aliphatic region. There are four 
signals downfield in the aromatic region. The information from the DEPT spectra sug- 
gests an ethyl group or m-o equivalent etliyl groups. Assuming the latter, and assuming 
that A is a primary amine, we can conclude From the molecular formula that A is 2.6-di- 
ethylaniline. The assignments are 




CH,CH, 



(a) 


5 12.9 


(b) 


5 24.2 


W 


5 118.1 


m 


5 125.9 


(e) 


5 127.4 


® 


5 141 5 



n w 

CH 3 CH, 



(An equally plausible answer would be that A is 3,5-diethylaniiine.) 

20.42 That B dissolves in dilute HCl suggests that B is an amine. That the IR spectrum of B 
lacks bands in the 3300-3500-cm-' region suggests that B is a tertiary amine. The up- 
field signals in the L1 C spectrum and the DEPT information suggest two equivalent ethyl 
groups (as was also true of A in the preceding problem). The DEPT information for the 
downfield peaks (in the aromatic region) is consistent with a monosubstimted benzene 
ring. Putting all of these observations together with the molecular formula leads us to con- 
clude that B is M/V-diethylaniline. The assignments are 



(b) (a) 
N(CH-,CH 3 ), 



(a) 5 12.5 




lb) 
(c) 
W 



S44.2 
5 112.0 
5 115.5 



(e) 5 128.1 

(f) 5 147.8 



20.43 That C gives a positive Tollens' test indicates the presence of an aldehyde group: the 
solubility of C in aqueous HCl suggests that C is also an amine. The absence of bands in 
the 3300-3500-cm - ' region of the IR spectrum of C suggests that C is a tertiary amine. The 
signal at S 189.7 in the '-"C spectrum can be assigned to the aldehyde group. The signal ut 
S 39.7 is the only one in the aliphatic region and is consistent with a methyl group or with 
two equivalent methyl groups. The remaining signals are in the aromatic region If we 
assume that C o 

II 
has a benzene ring containing a -CH group and a -N(CH,) : group, then the aromatic sig- 
nals and their DEPT spectra are consistent with C being />-(A'./V-dimethylamino)ben- 
zaldehyde. The assignments are 



20.45 



20.46 



(a) 
N(CH,), 




20.44 (CH 3 ),NH + 



(a) 5 39.7 

(b) 5 110.8 

(c) 5 124 9 

(d) 5 131.6 

(e) 5 154.1 

(f) 5 189.7 



CH, 

I 3 CH,COCI 

-*> H.C-N-CH-CH-OH -— r~> 



O 



base (-HC1) 



CH, O CH, O 

I 3 II CH,I l + 3 II 

H,C-N-CH 2 -CH 2 — O-C-CH, — — > H 3 C-N-CH,-CH— 0-C-CH 3 

CH 3 f 

Acetylcholine iodide 



NH, 



> HOCH,CH,NH, 



O 



> (HOCH,CH,),NH 



CHjCHCOCl 
MCI, 



(CH,CH0,NH 



/ \ ° 

(QJ>~CCHX'H 3 

I \ ° 



CH,CO,H 



O 
II 



•> /QVcchch, 






Br 



O CH, 

I 



~-C-CH-N(C 2 H 5 ) 2 
Diethylpropion 
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20.47 Carry out the Hofmann reaction using a mixture of l5 N labeled benzaniide, 
C fi H,CO*NH,. and/i-chlorobenzamide. If the process is intramolecular, only labeled ani- 
line. CJ-yNH-,. and />chIoroaniIine, will be produced. 

If the process is one in which the migrating moiety truly separates from the remain- 
der of the molecule, then, in addition to the two products mentioned above, there should be 
produced both the unlabeled aniline and labeled /j-chloroaniline./7-ClC t ,H 4 *NH : . 

Note: When this experiment is actually carried out. analysis of the reaction mixture by 
mass spectrometry shows that the process is intramolecular. 



20.48 CH,CH,CO,H 



CI. 



ci 

CHXHCCl 
3 II 



NH, 



CI 

CH,CHCNH 
3 II 




-© 



OH 



! 2{W) (a) C 6 H 5 N— CH, 
H 



(In 1 



(during 

electron 

impact 

mass 

spectrometry) 




OCHCNH^O) 
O v — 



C 6 B 5 - 



-N-CH, 
H 



C fi H 5 -N=CH 2 
H 



m/z 107 



m/z 106 



H H 

I I 
0.50 C 6 H 5 -N / N-C 6 H 5 > C. 

C 



N 



Ps~*D 



\*/" 



N— C,H 



6 "5 



A .0. o 



Sir 8 " 



.O 



Po 



<3P 



CH, 



6 



CH, 



*> EA- Ns=C 



N + 




> C e H 5 — N=C=N— C„H 5 
(B, Diphenylcarbodiimide) 



4- "OSO 



rO^* 



OH O 



*20.51 







426 AMINES 



AMINES 427 



QUIZ 



!; 20.52 An abbreviated version of one of several possible routes: 

O 










OH 




repeated sequence 








r»0 



N 
I 
H 

C 

'triacetoneamine" 




c ( 



o 



:NH, 




9 



■:NH, 



20.1 Which of the following would be soluble in dilute aqueous HC1? 

(a) C 6 H 5 NH 2 

(b) C 6 H 3 CH,NH, 

O 

0?) c 6 Hjc'nh 2 

(d) Two of the above 

(e) All of the above 

20.2 Which would yield propylamine? 



(a) CH,CH,Br 



(1) NaCN 
(2)LiAlH/ 

?\ NH, 
(b) CffCffCH „ :,. > 



-J> 



H,/Ni 




II 



Br, 



(c) CH 3 CH 2 CH,CNH, ~^f 

(d) Two of the above 

(e) All of the above 



20.3 Select the reagent from the list below that could be the basis of a simple chemical 
test that would distinguish between each of the following: 

O 

ii 



(a) C 6 H 5 CNH 2 and C 6 H S CH 2 NH, 

(b) C 6 ffCH,NH 2 and C 6 H 5 NHCH 3 



(c) 



/QVnH, and I V-NH 2 



1. Cold dilute NaHCOj 

2. Cold dilute HCT 

3. NaNO,, HC1, 5°C, then 2-naphthol 

4. C 6 H 5 S0 2 C1, Off, then HC1 

5. Cold dilute NaOH 



20.4 Complete the following syntheses: 
A 



(a) 



*>© 



CH 



3 E 



O 

CH,NH, 



CH 3 D 

CN 



(1) Fe, HCI 
3 

(21 OH 



H ' c ^3y~ N=N ^0^ N(CH3)2 *~ 



CH, 

NH, 



CH, 



9 

N, + CI 



i 



1 
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««<o 



o 

II 

C-CI 



heat. 



0-N=C= 



H,0 



Br 




o 



(l)HONO 



(2) 



Br' \-^ Br 



Br 2 (xs) 
H 7 



+ CO, 



20.5 Select the stronger base from each pair 

m 



(c) 



H,cYQ\-NH 2 or (0)-CH 2 NH 2 

(1) ' (2) 

(Q)-CH 2 NH 2 
H ' C \0/ NHl - or °- N ' \0/ m i 



(b) a^V-CNH, or 

(1) 




SPECIAL TOPIC 

Reactions and Synthesis of Heterocyclic Amines 



SOLUTIONS TO PROBLEMS 



E.l (a) 



N 
I 

C=0 
I 
CH, 



CH, 



<c) 






II 



C-N 



Q 



-OH 



(d) 



(e) CH,=CHCH 2 CH,N-CH, 
CH, 



h 3 c /+ \h 3 



E.2 (a) The cyclopentadienyl anion. 

(b) The pyrrole anion is a resonance hybrid of the following structures: 



7 \\ <— > // \ <— > 



< — > 



<— > / \ 



The imidazole anion is a hybrid of these: 



,. N' /— N 



N" 



«— ► / \ <~> 



/— N 



E.3 A mechanism involving a "pyridyne" intermediate would involve a net loss (of 50%) of 
the deuterium label. 



D 



VXi ■■* 

N H 



Or 



+ =NH, 



•nh, 



N 
2-Pyridyne 



HOI 

^N NH 2 



N NH 
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Since in the actual experiment there was no loss of deuterium, this mechanism was dis- 
allowed. 

The mechanism given in Section E.4 would not be expected to result in a loss ol 
deuterium: thus, it is consistent with the labeling experiment. 




+ xNH,~ 



£1^ ~^ OL 

N^ H N N 



E.4 When pyridine undergoes nucleophilic substitution, the leaving group is a hydride ion— 
an ion that is a strong base and, consequently, a poor leaving group. With 2-halopyridines. 
on the other hand, the leaving groups are halide ions— ions that are weak bases and thus 
good leaving groups. 



E.5 If we write the reactants in the following way, we can better see how the reaction occurs. 

O 

II 

cost 



CH, 
I 

o=c 



EtOC 

II 




.A H 



/ 

CH, 

I " 
C— CH, 



CH, 
0=C CH, 



O 
II 
.COEt 



addition 



NH 



7 tW 



CH, 

I / 

0=C CH 



H + 
O 
COEt 



EtOC N' 
H 



-H,0 



.C— CH, 

\ 
OH 



O 
II 
COEt 



EtOC N CH, 

II I 

H 



II 
CH, COEt 

HO^T 



+ H + 



1-U 

EtOC / 

II 
O 



^AcH, 

I 
H 



CH, 

EtOC 

II 
O 



CH, 

+ I / 

HO=C CH 

A H ^/ C V„ 

EtOC N CH 

II I 

O H 



II 
CH, COEt 

* \ ' I 



O 
II 
COEt 

TH 



H : 

kL 

EtOc' 

II 




N N CI ^ 



-H,0 



CH, COEt 



tautomerism 



N C H, 



EtOC 

II 
O 



AAh, 



N' 
I 
H 



CH,CCH,NH, + Cl~ + OH~ 



CH, 



3=C f + J 



?*> -H n O 



CH, 



£ 



NH, 



O 
CH,CCH,NH, 

CH, 

CH, A 
\f S CH, 



-H* 



-:CH, 
I 



CH, ^C s 

%f CH, 



-H,0 



CH, CH, 

lET-C CH, nr^ HO-C CH, 

/ 1 ^ J \ ' 

H,C. JtL H H,C S 'C^. 

- \ N ^ -CH, - \J> -CH, 




N 



tautomerism 



N 



H TS 



CH, 




CH, 

c=o 

CH, ioo°c 
E.6 (a) i - + (NH 4 ),CO, > | N-H + 2 H,0 + NH 4 HCO, 

C -° A CH, 

CH, 



(b) 



3 \ / V 

C NH, r „ ^ 

I ■ base CE iy^\ 

> j N-H + 2 H,0 

CH, X ,0 

C 
!. 
CH, 



N 1 

B CH, 



CH(0CH,), NH, 

/ I fr 

(c) CH, + NH > 

I 2 I H,0 

CH(OCH,), CH, 



N + 4CH,OH 



CH, 



1 
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CH 



CH 3 

/n ty^% H 2 N heat H^N 

(d) I +1 > ,, ,.. 

H,C^ ^0 H,N H 2 C ^^N 

I 




ojQ + v 



C0,H 



H Nicotinic acid 



SPEC8AL TOPIC 
Alkaloids 



SOLUTIONS TO PROBLEMS 

F.l (a) The first step is similar to a crossed Claisen condensation (see Section 19.2A): 



Or 



o 

II 

COCHXH, 



C,H,ONa 




Q 



CH, 



N 
I 
CH 3 



(b) This step involves hydrolysis of an amide (lactam) and can be carried out with 
either acid or base. Heic we use acid. 




f /\J^ -CHCH, CHjNHCHj 

t^ or ^ h ' 

N 



heat. 




CO. 



o 

ii 



C-CH,CH,CH,NHCH, 



N 



(c) This step is the decarboxylation of a substituted malonic acid; it requires only the 
application of heat and takes place during the acid hydrolysis of step (b). 

id) This is the reduction of a ketone to a secondary alcohol. A variety of reducing agents 
can be used, sodium borohydiide. tor example. 



NaBH 4 , 



N 



OH 
I 
.CHCH,CH 2 CH,NHCH 3 



(e) Here we convert the secorfdary alcohol to an alkyl bromide with hydrogen bromide: 
this reagent also gives a hydrobromide salt of the aliphatic amine. 

Br H 



HBr 
heal 



CHCH,CHX'H,N -CH, Bt 

H 
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(f) Treating the salt with base produces the secondary amine; it then acts as a nucleo- 
phile and attacks the carbon atom bearing the bromine. This reaction leads to the forma- 
tion of a five-membered ring and (±) nicotine. 



base 



Br H 

I I 

,CHCH,CH,CH 2 N— CH 3 



-HBr 




base 
-HBr 




F.2 (a) The stereocenter adjacent to the ester carbonyl group is racernized by base (probably 
through the formation of an anion that can undergo inversion of configuration-, cf. 
Section 17.3). 



rf' 



(b) 



O H 
I 

o=c 



'"'■' [I 



C^"'"/ X CH,OH 



CH, 



F.3 (a) 



HO H 

Tropine 



C 6 H 5 CHCO,H 
CH 2 OH 

(±) Tropic acid 



(b) Tropine is a meso compound; it has a plane of symmetry that passes through the 
Y'HOH group, the ^NCH, group, and between the two -CH, - groups of the five- 
membered ring. 

Hl C^H- C % 
.._:a— - nch .----chOH --- plane of symmetry 



CH, 



(c) 




ff^OH 
t/z-Tropine 



F.4 




TT 3 f 



CH,I 




(l)Ag,Q/H,Q 
(2) heat 



C 9 H, 6 Nf 



H 3 C -x-' CH3 

N 




\\ m 




(CH 3 ) 3 I 

\ (l)Ag,0/H,0 



(2) heat 




F.5 One possible sequence of steps is the following: 



H 2 C 



H,C 

H,C 

H,C 

'I 
H,C 



/ 



,CHO 

CHO 
CO,H 



CH 3 NH, ^ 



•H 3 0. +H* H C 
*» - I 



/ 



CHO 



+H,0, -H* H,C 



v. 



s. enolization 

c=o ^ fe 






/ 



CO,H 
CHO 




CH=NHCH, 
V* 3 



-rr 



CO,H 



Mannich 
reaction (See 
Section 19 10) 



-*- 



+H,0, -H" 



-H,0, +JT 
NHCH 3 - — > 

CH o 
I I! 
CH-C-CH,CO,H 

CO,H 



A 



tf-CH, 

II 
CH-C-CH,CO,H 

CO,H 



enolization 
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*» 




CO,H 



-H" 



Mannicli 
reaction (See 



CH ( CU 
HOX 7 C \'0 2 H Section 19.10) 



N-CH 



L 




!CO, 



CO,H 



l :OH 



CH, 

/ - 1 



V 



N-CH, 



/ 




w 

o 

Tropinone 



F.6 CH 3 0, 
CH,0 



rorx 



COCl 



OH\ 



CH 3 (X 




Q 






_™ > CH3O 

heat (-H ,) £jj q 



CH,0 
Dihydropapaverine Papaverine 

F.7 A Diels- Alder reaction was carried out using 1,3-butadiene as the diene component. 

CStfk -as. CH A 

„j0 heat , 




-> CH3O 

N^C-CHj 




F.S Acetic anhydride acetylates both -OH groups. 




H N -CH 3 



f Heroin 



F.9 (a) A Mannich reaction (see Section 19.10) 

-HA +H* ft 



(b) CH,0 + HN(CH 3 ) 2 < 



CHf=fa(CH 3 ) 2 




CUMCH 3 ) 2 



-X 



! 
! 



PHENOLS AND ARYL HAUDES: NUCLEOPHILIC AROMATIC SUBSTITUTION 439 




PHENOLS AND ARYL HALIDES: 
NUCLEOPHILIC AROMATIC 
SUBSTITUTION 



SOLUTIONS TO PROBLEMS 



21.1 



An electron-releasing group (i.e.. -CH,) changes the charge distribution in the molecule 
so as to make the hydroxyl oxygen less positive, causing the proton to be held more 
strongly, it also destabilizes the phenoxide anion by intensifying its negative charge. 
These effects make the substituted phenol less acidic than phenol itself. 



H,0 




H,0 + 



CH, 

Electron-releasing -CH 3 destabilizes 
the anion more than the acid — pA'„ is 
larger than for phenol. 



21.2 An electron-withdrawing group such as chlorine changes the charge distribution in the 
molecule so as to make the hydroxyl oxygen more positive, causing the proton to be held 
less strongly, it also can stabilize the phenoxide ion by dispersing its negative charge. 
These effects make the substituted phenol more acidic than phenol itself. 



+ H,0 




H,0 + 



Nitro groups are very powerful electron- withdrawing groups by their inductive and reso- 
nance effects. Resonance structures (B-D) below place a positive charge on the hydroxyl 
oxygen. This effect makes the hydroxyl oxygen dramatically more positive, causing the 
proton to be held much less strongly. These contributions explain why 14.6-trinitrophe- 
nol (picric acid) is so exceptionally acidic. 



< — > 



Electron-withdrawing chlorine stabilizes 
the anion by dispersing the negative 
charge. pK a is smaller than for phenol. 





t> £ H 





21 .3 Dissolve the mixture in a solvent such as CH,CI-, (one that is immiscible with water). Us- 
ing a separatory funnel, extract this solution with an aqueous solution of sodium bicar- 
bonate. This extraction will remove the benzoic acid from the CHX'U solution and trans- 
fer it (as a sodium benzoatel to the aqueous bicarbonate solution. Acidification of this 
aqueous extract will cause benzoic acid to precipitate: it can then be separated by filtra- 
tion and purified by recrystallization. 

The CH 2 CU solution can now be extracted with an aqueous solution of sodium hy- 
droxide. This will remove the 4-methylphenol (as its sodium salt). Acidification of the 
aqueous extract will cause the formation of 4-methylphenol as a water-insoluble layer. 
The 4-methylphenol can then be extracted into ether, the ether removed, and the 4- 
methylphenol purified by distillation. 

The CHiCI-, solution will now contain only toluene (and CHXK). These can be 
separated easily by fractional distillation. 

21 .4 (a) The para-sulfonated phenol, because it is the major product at the higher tempera- 
ture — when the reaction is under equilibrium control. 

(b) For ortho sulfonation, because it is the major reaction pathway at the lower temper- 
ature — when the reaction is under rate control. 
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21.5 If the mechanism involved dissociation into an allyl cation and a phenoxide ion. then re- 
combination would lead to two products: one in which the labeled carbon atom is bonded 
to the rina and one in which an unlabeled carbon atom is bonded to the ring. 



0-CH-CH=CH 2 



dissociation 



5 + l4 »* 

+ CH— -CH--r<:H 2 



(recombination) 



OH 



OH 



.CH-CH=CH, 

or - " 




CH-CH=CH, 



The fact that all of the product has the labeled carbon atom bonded to the ring eliminates 
this mechanism from consideration. 



** CT «* or' 



XT + * V* 

m CH,=CHCH,-Br _ 
= > 

(S N 2) 

/\,OCH,-CH=CH, 
K~)T + NaBr 




I 3 NH 2 NHC 6 H 5 SCH 2 CH 3 

- ...or »tr -or «or 



21.10 That o-chlorololuene leads to the formation of two products (o-cresol and »i-cresol) 
when submitted to the conditions used in the Dow process suggests that an elimination- 
addition mechanism takes place. 



CH, 



CH, 



CH, 



CH, 



OH". 




35Q 3 C 
OtT 




OH 



sL/ 



H^H 




OH 



CH, 



CH, 



OH\ 



'3 Y"3 

\/^OH \/^OH 



Inasmuch as chlorobenzene and o-chlorotoluene should have similar reactivities under 
these conditions, it is reasonable to assume that chlorobenzene reacts by an elimination- 
addition mechanism in the Dow process. 

21.11 2-Bromo- 1 .3-dimelhylbenzene. because it has no a-hydrogen. cannot undergo an elim- 
ination. Its lack of reactivity toward sodium amide in liquid ammonia suggests that those 
compounds (e.g.. brornobenzene) that do react do so by a mechanism that begins with 
an elimination. 



21.12 (a) /QVONa + CH 3 CH 2 OH 



-OH + NaCl 



21.13 (a) 



OH 



Br 

(major) 



(b) (Q/ 0Na + H ^° 
CO,Na 

m (^oh 

OH 
(b) 





SO,H 



(major) 
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(c) 




so .h\ W ^f^Qy-°^r€%^ 



(major) 




(0 



oc: 





l[ 

.COC 6 H 5 



COH 

II 

o 



(h) 



<0^< 



O 

II 



(1) Same as (k) 



(j) (Q^ONa (k) (Qf- 

(m) <Q^-OCH 2 C 6 H 5 



21.14 (a) 4-Chlorophenol will dissolve in aqueous NaOH: 4-chloro-l-methylbenzene will 
not. 

(b) 4-Methylbenzoic acid will dissolve in aqueous NaHCO,: 4-methylphenoI will not. 

(c) Phenyl vinyl ether will react with bromine in carbon tetrachloride by addition (thus 
decolorizing the solution): ethyl phenyl ether will not. 

(d) 2,4,6-Trinitrophenol. because it is so exceptionally acidic (pK (1 = 0.38). will dissolve 
in aqueous.NaHCO,; 4-melhylphenol (pK, = 10 17) will not. 

(e) 4-Ethylphenol will dissolve in aqueous NaOH; ethyl phenyl ether will not. 

21.15 Both a- and jii-toluidine are formed in the following way: 



CH, 



CH, 



NH, 



CH, 



CH, 



few '-^ O 

Lv_^k 35o°c Qs^J 

IP 



^fr^r i — ^r^r - 

lV_/J. H-NH, LS-/J 



CH, 



CH, 



NH," 



Df^HO 



"NH, 



-NH, 



Both m- and n-toluidine are formed from another benzyne-type intermediate 



NH," 




NH, NH 2 




H^NH, 



21.16 (al 4-Fluorophenol because a fluorine substituent is more electron withdrawing than a 
methyl group. 

(b) 4-Nitrophenol because a nitro group is more electron withdrawing than a methyl 
group. 

(c) 4-Nitrophenol because the nitro group can exert an electron-withdrawing effect 
throush a resonance effect. 




Whereas in 3-nitrophenol this resonance effect is not possible. 

(d) 4-Methylphenol because it is a phenol, not an alcohol. 

(e) 4-Fluorophenol because fluorine is more electronegative than bromine. 



21.17 (a) 



O — H + • O— R 



O 



H— O— R 



(b) Because the phenolic radical is highly stabilized by resonance (see the following 
structures), it is relatively unreaclive. 



Qy? 






< — > i \=o < — > '( y=o 



o* 
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21.18 




Q 



0%"^ 



"OH, 



O-H 



O-H, 




o 



**\ 



^Cl C! 



O-H 




o 



o d 

O-H 




O 




Q 



H-O 




O-H H-O' 
OH 




O 



a* 



-> etc. > 



or: » 





A 

Dibenzo- 1 8-c.rown-6 

21.19 X is a phenol because it dissolves in aqueous NaOH but not in aqueous NaHC0 3 . It gives 
a dibromo derivative and must therefore be substituted in the ortho or para position. The 
broad IR peak at 3250 cm - ' also suggests a phenol. The peak at 830 cm " ' indicates para 
substitution. The 'H NMR singlet at 6 1.3 (9H) suggests nine equivalent methyl hydro- 
gen atoms, which must be a fm-butyl group. The structure of X is 



CH3-C-CH3 
CH, 



OH 



?Hj 



21.20 (a) 



COJ + CH ^-CH, 



OH OH 

[or cw * to; 



OCH, 



CH 3 
ibl [Q] + 2CHf=C-CH 3 




OCH, 




C(CH 3 ) 3 



OCH, 



BHA 




BHT 



Notice that both reactions are Friedel-Crafts alkylations. 



li-SO, . ■■;- :Y S ° iH 2CU . C1n y^y^ S0 3 H h 3 + 



- PK^Q 




NaOH 



Ck 




H 2 

(steam) 



CICftCO; 



— > T[% + Cl T CH,CO,Na 

CI 



OCH,CO,Na OCH,CO,H 

(VI.., .- ! ,. Ck 

H,0* 





2,4-D 

21.22 The broad IR peak at 3200-3600 cm^ 1 suggests a hydroxy! group. The two 'H NMR 
peaks at 5 1.67 and 8 1 .74 are not a doublet because their separation is not equal to other 
splittings', therefore, these peaks are singlets. Reaction with Br,/CCl 4 suggests an alkeue. 
If we put these bits of information 1 together, we conclude that Z is 3-melhyl-2-buten-l-ol. 



(a) CH, W(c) 
\ / 


(al and (/;) singlets fi 1.67 and 5 I 74 


(cl muliiplet S5.40 


/ C— C \ (d) (e) 


k/) doublet 5 4.10 


(b) CH 3 CH 2 OH 


ie) singlet 52 3 
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21.23 



<P^ 0H + ";; 



C— CH-CHX1 



^ 



0-CH 2 -CH-CHp 
OH 



Epichlorohydrin 



OH\ 



H 3 C 



... , x , (CH,),CHNa 
(( ))-0-CH— CH— CH 2 - > 

<0 



CH, 



(^Vo-CHf-CH-CH.-N-CH-CHj 

) * OH H 

H 3 C 

Toliprolol 

21 .24 The proximity of the two -OH groups results in the two naphthalene nuclei being non- 
coplanar. As a result, the two enantiomeric forms are noneqiiivalent and can be separated 
by a resolution technique. 





21 .25 One can draw a resonance structure for the 2,6-di-/m-butylphenoxide ion which shows 
the carbon para to the oxygen as a nucleophilic center; that is, the species is an ambident 
nucleophile. 




C(CH 3 ) 3 



< — > 




C(CH 3 ), 



C(CH 



3>3 



C(CH 3 ) 3 



Given the steric hindrance about the oxygen, the nucleophilic character of the para 
carbon is dominant and an S N Ar reaction occurs at that position to produce this biphenyl 
derivative: 




21.26 The phenoxide ion has nucleophilic character both at the oxygen and at the carbon para 
to it; it is ambident. 

o 

The benzyne produced by the elimination phase of the reaction can undergo addition then 
by attack by either nucleophilic center, reaction at oxygen producing l and reaction at car- 
bon producing 2. 

21 .27 H^ is expected to be a very poor leaving group because of the strong basicity of the hy- 
dride ion. In this case the reaction is favored not only by the activating nitro groups but 
also by the oxidant ferricyanide ion, which converts H", as it forms, to H-,. 

O 

s- 
o 
c— s- 



*21.2S 



/ 



N 



H— S 



\ NaBH 4 H— S 



/ 



\ C 6 H 5 COCl 



W 







Raney Ni 



*21.29 HO 




OH HO 




OH HO^^^, 



OH 



HO 



O— H 

V 

HO H 

I H + (or BH,) 

HO^ ^\{To^-H 



"* LJ (orHOBHj") I U 



A 




H— O^ H 
\ 
H(orBH,") 
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QUIZ 



21.1 Which of the following would be the strongest acid? 
(a) 0,i 



^hQhsw m H 3 c ^O)^ 0H (c) (0^" 

(d) H 3 CH 2 cVQ\-0H 



(e) / Y-OH 



21.2 What products would you expect from the following reaction? 



CI NaNH, 




NH, 



1CH, 



~)CH 



X'H, 



-NH, 



;a; [Cyt "alone (b) [Ql alone (c) K_)J ak 

NH, 



NH, 



(d) More than one of the above (e) All of the above 



21.3 Which of the reagents listed here would serve as the basis for a simple chemical test to 
distinguish between 

-OH and (CH 3 ) 3 CCH,OH? 



a 



(a) Ag(NH 3 ),OH 

(b) NaOH/H,0 

(c) Dilute HC1 



(d) Cold coned. H,S0 4 

(e) None of the above 



21.4 Indicate the correct product, if any, of the following reaction. 

H 3 C-/Q)-OH + HBr > ? 

^ ' Br 

(a) H 3 C-^3-Br (b) H 3 C^Q^OH (c) H 3 C^Q)>- 



Br 

m h 3 c^Q)-( 

Br 



Br 



OH (e) There is no reaction. 
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21.5 Complete the following synthesis: 

A OCH,CH 3 P- 

NaOH 



CH,CH,I 



-> 



Br 



OCH 2 CH 3 OCH,CH, 

I 
NH, 



21.6 Give the products: 



CH 3 o-<n>-: 



coned. HBr. 
Br — > 



Y^-y heat 

21.7 Select the stronger acid. 




:;,) <Y^VcOH or !■!,<:■■<( )>-OH 



(2) 



(1) 



(b) 2 N-O)V0H or 
(1) 



(2) 



NH, 



ANSWERS TO 

SECOND REVIEW PROBLEM SET 



4B0 



The problems review concepts from Chapters 13-21. 



1. , Increasing acidity 

O 
II 
13CL113 



o 



o o 

a) CH3CCH3 < CH 3 CH 2 OH < CH 3 OCCH 2 COCH 3 < CH 3 c'oH 



(b) 



(O 



c=ch < f\m < <O)" 0H < \ / ' 







COH 



O O 1 \ B 

(CH 3 ) 3 C-<(^COH < <P>-COH < (CH 3 ) 3 N-<y^COH 



\ I I 

(d) CH 3 CH,COH < CH3CHCICOH < CH 3 CC1 2 C0H 



(e) 





— 11 

O 



2. Increasing basicity 



(a) CH 3 CNH, < NH 3 < CH 3 CH 2 NH, 

(b) <f^-NH 2 < H 3 C-^^-NH, < \_y m 2 

(c) 2 N^P^NH 2 < <^^-NR, < ^C^Q^NH, 

(d) CH 3 CH,CH 3 < CH 3 OCH 3 < CH 3 NHCH 3 
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3. (a) CH 3 (CH 2 ) 2 CH 2 OH 



(b) CH3(CH 2 ) 2 CH,Br 
[from part(a)] 

H-.NNH, 



PBr, 



(orHBr) 

n 
o 



> CH>CCH,),CEJ&f 



> CH 3 (CH,),CH,-n' jCj} 

ll 

q 



heat ** CH 3 (CH 2 ) 2 CH 2 NH 2 + 1 




o 



(c) CH 3 (CH 2 ) 2 CH 2 Br -^^> CH 3 (CH 2 ) 2 CH 2 CN ~> CH 3 (CH,) 3 CH 2 NH 2 

[from part(a)] 


(l)KMnO., OH", heat II 

(d) CH,(CH,),CH,OH TTTT^ ! ► CH 3 (CH,),COH 



heat 



(e) CH 3 (CH 2 ) 2 CH 2 CN 
[from part(c)] 

O O 

II socu 11 

(f) CH 3 (CH 2 ) 2 COH > CH 3 (CH 2 ) 2 CC1 



> CH 3 (CH 2 ) 2 CH 2 CO,H + mh/ 



[from part(d)] 



O 

II NH, 



O 



(g) CH 3 (CH,),C'C1 -=£*■ CH 3 (CH 2 ) 2 CNH, 
[from part(f)] 







B CH,(CH,),CH,OH M 

msm£a ' . " ' — > ch 3 (Ch 2 ) 2 coch 2 (ch 2 i 2 ch 3 



base 



(h) „^ 

[from part(f)] 

O 

II (l)Br,,OFT 

(i) CH 3 (CH 2 ) 2 CNH 2 (2)H ^, > CH 3 CH 2 CH 2 NH 2 + 00f 

[from part(g)] 



u ^ /^\ s Zn(Hg) 

(j) CH 3 (CH 2 ) 2 CC1 -^j— > (Q>-C(CII 2 ) 2 CH 3 -g-^ 

/QVcH 2 (CH,) 2 CH 3 



[from part(f)] 
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O 

i CH 3 (CH,) 2 {J0Na lrulf .. 

(k) CH 3 (CH 2 ) 2 CC1 ► [CH 3 (CJ., 

[from part(f)] 





,)JtD 



(1) CH 3 (CH 2 ) 2 CH 2 Br 
[from part(a)] 



,CO,Et 

kfi / LU2 (I)OH-,H 2 0,heat 
^-> CH,(CH,),CH 2 CH " r ' 



C0 2 Et (1)OH - iHl0 , 



a 1 - 



l 2 V (2) H,0' 

C0 2 Et 



CO,H 
GHiCH^CH^I " ^ CH 3 (CH 2 ) 2 CH 2 CH 2 C0 2 H 

N C0 2 H 



4. (a) 



».c^o> ^ H ' C "0>" Br ^ ■*-©«*' 



(separate from 
ortho isomer) 



i^==. „,C^C W H ^g* H,C^>C„,t„ 



Off 



(aldol 
condensation) 



H 3 C -<0)-CH 2 CH =C-CH 

o 



<«o 



CH,=CHCH, 
HF 



<fH 3 



^-^ CH, V ^ CH 3 



base 



* <OH=™. SsS* Chf"" 



CH, 



CH, 



(1) NaH 



(2) CH,CH,B; 



-# /QVchch,och 2 ch 

^ — / CH 3 



(c) 



O 

II 

(CH,C),0 



9 

NHCCH, 



Cl„ FcCl 3 
(separate from 
ortho isomer) 



■* CI 



MlV-NHCCH, 
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Br Br 

heat , ^ Br Br 



ffS*. HNO„ H,SO, 
(d) CH 3 -«Jj> ; v CH 



(separate from 
ortho isomer) 

O 

II SOCfc 

:oh — —> 



D\ (l)KMnO., OH", heat 
)-N0 2 - r- 1 i 



^O 



(2) H,Q- 

|| LiAlH[OC(CHQ, 

'' ! diethyl ether 





ij h C 6 H,CCH, 



OH" 



> o 2 nYQVch=chc-/Q\ 






N — / CN 



H,0 



€H 



OH 
CCH, 



— > O^ 

-H,0 \W/ 



% C V* 





II 



Diels-Alder 



H=CCH 3 
I 3 
CO,H 



HjC^/xyCOEt 



H XOEt 

II 
2-Methyl-l,3-butadiene 

Diethyl fumarate 



* KX 



OEt 



enantiomer 



(I)LiAlH, 
(2) H,0* 



H 3 C N /-\>CH. 1 OH 

I J 
\^'"CH,OH 

B + 

enantiomer 



PBr, ' 3 
—> 



H 3 C^/-\ v ,iCH 2 Br 



^v^ "CH,Br 



enantiomer 

U 

D 



CH 3 



enantiomer 
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CH 3 CH 3 

6. (a) A is CHpCHCCsCH C is BrMgOCH,CH=CCEECMgBr 
OH 

(b) A is an allylic alcohol and thus forms a carbocation readily. B is a conjugated enyne 
and is therefore more stable than A. 



CH, 



CH-pCH-C-CsCH Hn 
A 0H 



CH 3 
ff ^ CH^CH-C-CssCH «— > 



CH 3 



H.0 



?H 3 



CH-CH=C'-C=CH — '-+> HOCH 2 -CH=C-C=CH 



-H' 



>c w 



CH, 
I 
+ BrMgOCH 2 CH = CC=CMgBr 



(2) H,0 + 




D 



CH 3 
CH-Cs=C-C=CHCH,OH 
OH 



CH, 



n. 



NUB (P-2) 



I - ft 

•^ ^CH-CH=CH-C=CHCH,OH (C H,C),0 

I " * 

OH 




CH, 
I 



O 



■CH-CH=CH-C=CHCH,OCCH 3 - H ,0 

I ' — -—^P- 

OH 





II 



CH,OCCH, 



Vitamin A acetate 



I 



8. CH3CCH3 + H* <: 



CH. 



HO-C 



CH 



CH 3 

±. HO=C 

CH 3 

CH 3 



HO-C+ 

I 
CH, 



ch 3 {Q^m 



^-OH ^-> HO 



CFL, . , CH, , . 



CH, 



OH 



CH, 



-^—> *c-{(J)y-oH ► H' 



CH, 



CH, . . 

HI \V-V 
CH, 



OH 



-h* . 



, — . CH 3 — . 



CH 3 

C— ( 

I 

CH 3 

Bisphenol A 




9. 2 N-<Q 
2 N^ 



CH 



(1) KMnQ 4 , OH", heat 

(2) H 3 + 



A^N\ II SOC1, 
■ °2 N ~([)/ C0H ^ 



A 



HOCH,CH,N(C,H,), 

CC1 : — : — '—^ O 



2 N -/QVcOCH,CH,N(C 2 H 5 ), 
C 



/ \ ° 

H 2 nVQY-COCH,CH,N(C,H 5 ), 



10. 



(l)HC=CNa 
(2) NH 4 + 



Procaine 



HC=C OH O HC = C O — C— CI 



C1CC1 





II 

HC=C O-C-NH, 



NH, 



Ethinamate 
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\ V H 

(7^jVcHCHCH,OH 

^ ' NH, 

B 

O 
OCCH 3 



o 
II 

C1,CHCC1 



OH 



> <7~jV-CfK;HCH,OH 



(CH,CO),0 

— ■ — V* 

\V_y/ " (excess) 

X — '' NHCOCHC1, 



NHCOCHC1, 



otr, ao 



/nVcHCHC Hl OCCH 3 fg> 2 n'-(O)-™V HC ^ 0CCH 
V^/ iurnrun * * X ' NHCOCHCU 

! 



(ester groups hydrolyze more 
readily than amide groups) 



OH 

-CHCHCH 2 OH 
NHCOCHCU 



Chloramphenicol 



O 

II 

16. CHXH^CH^HCH 



O 

II 
HCH, OH 



O 



| (aldol addition) 

CH, 



CH,OH 

I " HCH, OH _ 

-5* CH,CH,CH,CCHO — - 



4 3T 



CH 



3 
I 

HOCHXCH^OH 
'I 

CH, 
I " 
CH, 
I 
B CH, 

O 



o 

II 

C1CC1 



o 



A 



CH 3 O 



*> ClCOCH,CCH,OCCl 
'I " 
CH, 
I " 
CH, 
I 
C CH, 



O 



CH, 



NH, 



(Cannizzaro 
reaction) 



O 



CH, O 



> H,NCOCH,CCH,OCNH, 

"I " 

CH, 

I " 

CH, 

I 

CH, 
Meprobamate 



O 



17. H 2 C- \ q CH 3 CH 2 CH 2 OH > CHiCHiCH , CCH,CH,COH ^£k> 
H 2 C^ C / 

w 

o 

oo If 

CH 3 CH 2 CH 2 0CCH 2 CH 2 CC1 W H ^ NH > CH,CH 2 CH 2 OCCH 2 CH 2 CN(CH 2 CH,) 2 



18. 



"NO, 



(Diels-Alder 
reaction) 





CH, o 
CH,CH 




19. 




CH 7 



(1) OsO., 

(2) NaHSO 



NH=CHCH, 



,/\^ CH 3 




Feiicamfamine 



> \ hOH 



CrOj 






CH,CO,H 



OH 




Infrared band in 3200-3 550-cm"' region 
Infrared band in 1650-1730-ctrf ' region 



Notice that the second step involves the oxidation of a secondly alcohol in the presence 
of a tertiary alcohol. This selectivity is possible becatise tertiary alcohols do not undergo 
oxidation readily (Section 11.8) 

20. Working backward, we notice that methyl fraH.v-4-isopropylcyclohexanecarboxylate has 
both large groups equatorial and is. therefore, more stable than the corresponding cis 
isomer. This stability of the trans isomer means that, if we were to synthesize the cis 
isomer or a mixture of both the cis and trans isomers, we could obtain the desired trans 
isomer by a base-catalyzed isomerization (epimerization): 



CO,CH, 



CH(CH 3 ), 

(more stable 
trans isomer) 



CO,CH, 



CH(CH 3 ), 



(cis isomer or mixture 
of cis and trans isomers) 



We could synthesize a mixture of the desired isomers from phenol in the following way: 




CH 3 OH,H* 




MgBr 



. (DCO, 
' (2) HjO- 



Mg 



Et,0 



CH(CH 3 ) 2 



CH(CH 3 ) 2 



CH(CH 3 ), 



454 ANSWERS TO SECOND REVIEW PROBLEM SET 



CH 3 
6. (a) A is CHpCHCCsCH 
OH 



CH, 



C is BrMgOCH,CH=CC=CMgBr 



(b) A is an allylic alcohol and thus forms a carbocation readily. B is a conjugated enyne 
and is therefore more stable than A. 

CH^CH-C-CsCH -— ** CH F CH-C-C=CH <-> 

2 I -H,U " + 



OH 



CH 3 



( r' H 3 HO 

CH,-CH=C-C=CH —^ HOCH : -CH=C-C=CH 



B 



CH, 



7. fj^^"^|f H + BrMgOCH 2 CH=CC=CMgBr - h ^ q+ ! 




CH, 



H, 



^CH-C=C-C=CHCH.,OH 

OH N '= B(P - 2) ' 



CH, 



o 
II 



CH-CH=CH-C=CHCH,OH (CH,C)-,0 . 



CH, 







CH-CH=CH-C-CHCH,OCCH 3 . H ,o 

I " — = — > 

OH 







,CH,OCCH, 



Vitamin A acetate 
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CH,c'cH, + H 1 " ^-M HO=C 



CH 3 CH 3 0-OH 



CH 3 
CH, 



<- > HO-C+ 
I 
CH, 



CH 3 k . CH 3 — CH 3 , — , 

CH, H ^ CH, H CH, — 



CH, 



CH, 



CH, 



' ,r ' * ' CH 3 



-OH 



-H* , 



CH, 



»<hO^O» 



/ANV (1) KMn( 
9. 0,N— <( )>— CH,— r 

V:r: '■ P) H 3° 



(1) KMnQ 4 , OH", heat 



<^Q~ 



CH 3 
Bisphenol A 

O 

II SOCI, 
COH =-> 



|| HOCHjCH,N(C,H.0i 



> 2 N -\QV COCH,CH,N(C 2 H 5 ), 



~* H 2 nVQYc0CH 2 CH 2 N(C,H 3 ) 2 



O 



10. 



(1) HC=CNa 

(2) NH 4 + 



Procaine 



HC=C OH O HC=C O—C— CI 



C1CC1 





II 

HCsC O-C-NH, 



NH, 



Ethinamate 



&'■ 
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II (1) GH,MaBr PBr, 

11. (a) C 6 H 5 CH ^gp > C 6 H 5 CHOH -^> C 6 H 5 CHBr 



A C 6 H 5 



B C 6 H 5 



(CH^CH.CH^ C6 H 5 CHOCH,CH 2 N(CH 3 ) 3 

-HBr I „ 



Diphenhydramine 



(b) The last step probably takes place by an S N 1 mechanism. Diphenylmethyl bromide, 
B, ionizes readily because it forms the resonance-stabilized benzylic carbocation, 



C 2 H 5 0,C CH 3 

CH 



/CH 2x /p C 0,C,H 5 
/£ CH 2 COjCjHj 



C 2 H S 0H, H* 



C 2 H 5 2 C CH, 
CH 



(converts -C=N to 
-CQ,C 2 H 5 ) 

C,H 5 0,C CH 2 C0,C,H 5 

C 



/ CH 2\___/^^C0 2 C 2 H 5 







EtO~ 



CH N CH 



(Dieckmann 
condensation) 



ch, — c: 



(l)OH', H,0, heat 
CO,C,H 3 (2) Hj0 * 



Q,H,CH 

■ "I 
C 6 H 5 



12. (a) For this synthesis we need to prepare the benzylic halide 
allow it to react with (CH 3 ),NCH 2 CH,OH as in Problem 1 1 
This benzylic halide can be made as follows: 



■ Br ~CH HBr 

11. ^^ C 6 H 5 



CHBr.and then 



O 



H0 ^ AJ^ 

CH XH 



ce, — c: 



XO,H 
"CO,H 



(3) heat 
-2C0j 




CH, 
CO,H 



"'43, 



||__ (1) QH s MgBr 



CH 



> B 



r^CHOH =4. Br^CHBr 



C fi H, 



Cft 



(b) For this synthesis we can prepare the requisite benzylic halide in two ways: 



CM, 



CH, 



CH, 



O 



(QH» SS=* Oh™» 

r h 

L 6 n 5 




PBr, 




o>- 



CHBr 



r-T* CH 3 CH 3 

(,)0-MgBr jrA ■ pBri ^=4 

C 6 H 5 C 6 H 5 

We shall then allow the benzylic halide to react with (CH 3 ),NCH,CH,OH as in 
Problem 11. 

C 2 H 5 2 C CH 3 

CH,(CO,C 2 H ? ),, EtO CH CH : =CHCN, EtO' 

13. CH 3 CHC0 2 C 2 H 5 ■ I (Michael addition) 

d.. CH 

Br / \ 

C 2 H 5 2 C CO,C 2 H 5 

A 



O 
14. CH,CCH 



HC1 



3 3 (acid-catalyzed 

aldol condensation) 



O O 

CH, II II 

I 3 || CH 3 CCH,COEt. base 

> CH,C=CHCCH, ". > 



*i v 



'3 



(Michael addition) 



C,H 5 0,C 




II 
C-CH, 



5-2- \ /- 

CH 

».4 J 



/ ThT x ch, 



H\H,0, heat 



base 



(intramolecular 
aldol condensation) 




(hydrolysis and decarboxylation 
of fi-keto ester) 



15. 



/ — \ ° 

CH" 



CH,CH,OH 

I 2 - 
NO, 




(aldol-type 
reaction) 



CHCHCH,OH 



H, 
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OH 
1 



(Cjycuci<:nX)i> 



o 
ii 

CUCHCCl 



OH 

i 



N — ' NH, 
B ^ 



!l . 



> ^T^fiBCHCCI.OH 



(CH-,CO),0 



\v// - ■ ■ j (excess) 

:: NHCOCHC1, 





II 



OCCH V^^-Hj 

/nV™CHCH 2 0CCH 3 ^g> ^KOV™^™^™ 5 



NHCOCHC1, 



NHCOCHC1, 



OH", HO 



(ester groups hydrolyze more 
readily than amide groups) 



-*■ 0. 



"-©- 



OH 

CHCHCHjOH 
NHC0CHC1, 



Chloramphenicol 



lfi. CH,CH 2 CH,CHCH 
CH 3 



o 

II 

HCH, OH 







CH,OH 
I " HCH, OH _ 

-> CH,CH,CH,CCHO — — ; ► 

(aldol addition) 6 ' '\ (Canmzzaro 

4 CH, reaction) 



^ 



CH, 
I 
HOCH,CCH,OH 

CH, 

I " 

CH, 

I " 

B CH 3 



O 

// 



o 

II 

CICCI 



o 



CH, 

I 



CH, 



o 



CH, O 

NH, ! l I ... J 

> ClCOCH,CCH,OCCl •> H,NCOCH,CCH 2 OCNH, 

-\ - i 

CH, 

I ' 
CH- CH, 



CH, 



CH, 
Meprobamate 



O 



O 



17. *#■ \ Q CH 3 CH 2 CH 2 OH > CH ^ cn ^ cn ^ H ^> 
H 2 C^ C / ' A 

w 

o 

00 ft 

CH,CH,CH,0CCH,CH,CC1 (CH ^ CH ^ NH > CH,CH,CH 2 OCCH 2 CH 2 CN(CH 2 CH 3 ) 2 
B " C 



18. 



XT' 

II 



(Diels-Alder 
"NO, reaction) 





C B H, O 
CH,CH 




CJrL 



19. 



NHCHjCH, 
Fencamfamine 




CH, 



(1) OsO^ 

(2) NaHSO,' 



/\ .CH, „^ 



> | rtm 



^-^ f 



OH 



CH,CO,H 



a 



CH 3 
■OH*-/" 



B 



Infrared band in 3200-3550-cm" * region 
/Infrared band in 1650-1730-cm"' region 



Nolice that the second step involves the oxidation of a secondary alcohol in the presence 
of a tertiary alcohol. This selectivity is possible because tertiary alcohols do noi undergo 
oxidation readily (Section 11.8) 

20. Working backward, we notice that methyl rraH.y-4-isopropylcyclohexanecarboxylute has 
both large groups equatorial and is. therefore, more stable than the corresponding cis 
isomer. This stability of the trans isomer means that, if we were to synthesize the cis 
isomer or a mixture of both the cis and trans isomers, we could obtain the desired trans 
isomer by a base-catalyzed isomerization (epimerization): 



CO,CH, 



CH(CH 3 ) 2 

(more stable 
trans isomer) 




CH(CH,), 



(cis isomer or mixture 
of cis and trans isomers) 



We could synthesize a mixture of the desired isomers from phenol in the following way: 




CHjOH.H* 




MgBr 



(1) CO, 

(2) HjO" 



. Mg 
'Et,0 



CH(CH 3 ), 



CH(CH 3 ). 



CH(CH 3 ), 
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21. 



23. 



PBrj 



, H 2 
' cat. 



CH,=CHCH 3 , HF 



CH(CH,), 



CH(CH,), 



CH(CH 3 ) 2 



(Friedel-Crafts 
alkylation) 



That Y gives a green opaque solution when treated with Cr0 3 in aqueous H,S0 4 indicates 
that Y is a primary or secondary alcohol. That Y gives a negative iodoform test indicates 
that Y does not contain the grouping -CHCH 3 . The l3 C spectrum of Y contains 

OH 
only four signals indicating that some of the carbons in Y are equivalent. The information 
from DEPT spectra helps us conclude that Y is 2-ethyl-l-butanol. 



(a) (b) (c) (J) 
(CH 3 CH 2 ),CHCH,OH 



(a) 511.1 

(b) 5 23.0 
(cj 5 43.6 
(d) 5 64.6 



Notice that the most downfield signal is a CH, group. This indicates that this carbon atom 
bears the -OH group and that Y is a primary alcohol. The most upfield signals indicate 
the presence of the ethyl groups. 

That Z decolorizes bromine in CC1 4 indicates that Z is an alkene. We are told that Z is the 
more stable isomer of a pair of stereoisomers. This fact suggests that Z is a trans alkene. 
That the n C spectrum contains only three signals, even though Z contains eight carbon 
atoms, indicates that Z is highly symmetric. The information from DEPT spectra indi- 
cates that the upfield signals of the alkyl groups arise from equivalent isopropyl groups. 
We conclude, therefore, that Z is r™ii-2,5-dimethyl-3-hexene. 



(a) (b) 
(CH 3 ) 2 CH 



I.) 



H 



\(c) 
C 
/ 



\ 
CH(CH 3 ), 



(a) 5 22.8 

(b) 5 31.0 

(c) 5 134.5 
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Electrocyclic and Cycloadcfition Reactions 



SOLUTIONS TO PROBLEMS 

G.l According to the Woodward-Hoffmann rule for electrocyclic reactions of 4/i 7r-electron 
systems (Section G.2A), the photochemical cyclization of™, rra/w-2,4-hexadiene should 
proceed with disrotatory motion. Thus,, it should yield rmir.j-3;4-dimeth.ylcyclobutene: 



G.3 



^ 


V 


CH, 


H 


+J 


U 



^ 



hv 



disrotatory 



* Hi 



+ enanuomer 



cis, rra/is-2,4-Hexadiene 



rra;ij-3,4-Dimethylcyclobutene 



G.2 (a) 




200°C 




ch; ((+)) 



</h of a hexadiene 
(Section G.2A) 



(b) This is a thermal electrocyclic reaction of a4» ir-electron system; it should, and does, 
proceed with conrotatory motion. 



Av 




disrotatory 




trans, fra/i.s-2,4-Hexadiene 



cw-3,4-DimethyIcyclobute[ie 



f \ 



CH 3 H 



■CH, 



cis, rra/w-2,4-Hexadiene 

Here we find that two consecutive electrocyclic reactions (the first photochemical, the 
second thermal ), provide a stereospecific synthesis of cis,ft-rou-2.4-hexadiene from trans. 
trcms-2.4-hexadiene. 
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G.4 (a) This is a photochemical electrocyclic reaction of an eight 7r-electron system— a 4h 
77-electron system where n = 2. It should, therefore, proceed with disrotatory motion. 



G.6 (a) This is a (4/i + 2) 77-electron system (where n = 1): a thermal reaction should take 
place with disrotatory motion: 



G.5 




cis-1, 8-Dimethyl-l, 3, 5-cycIooctatriene 

(hi) This is a thermal electrocyclic reaction of the eight 77-electron system. It should 
proceed with conrotatory motion. 




heat 



(conrotatory) 




cis-1, 8-Dimethyl-l, 3, 5-cyclooctatriene 

(a) This is conrotatory motion, and since this is a 4« 77-electron system (where n = 1 ) it 
should occur under the influence of heat. 



H,CO,C 



1 



heat 



\C0 2 CH 3 

_*| i (conrotatory) 



// \ 



H 



U 



> n^ ^-co,ch 3 

CO,CH 3 H 



(b) This is conrotatory motion, and since this is also a An rr-electron system (where 
n = 2) it should occur under the influence of heat. 




heat 



(conrotatory) 



H H,C 



CH, H 

+ enantiomer 

(c) This is disrotatory motion. This, too, is a An 77-electron system (where n = 1 ): thus 
it should occur under the influence of light. 




hv 



m 



(disrotatory) 



*CfD 

H H 



r 






heat 



-H H 



(disrotatory) 



v9 H 3 H 39, 



(b) This is also a (4/? + 2) ir-electron system; a photochemical reaction should take 
place with conrotatory motion. 



!QF 



(conrotatory) 



X 



\.H \.H 



'CH, 



G.7 Here we need a conrotatory ring opening of rm/i.s-5,6-dimethyl-l,3-cyclohexadiene (to 
produce /ra/ts,m,rraHj-2,4,6-octatriene); then we need a disrotatory cyclization to pro- 
duce m-5,6-dimethyl-l,3-cyclohexadiene. 



m0 

/ra/is-5,6-Dimethyi-l,3- 
cyclohexadiene 



hv 



(conrotatory) 



r 



i 



heat 



(disrotatory) 



trans, cis, trans-2,4,6- 
Octatriene 



x9 H 3 HjC, 



H H 

cis-5,6-Dimethyl -1,3- 
cyclohexadiene 

Since both reactions involve (4u + 2) 77-electron systems, we apply light to accomplish 
the first step and heat to accomplish the second. It would also be possible to use heat to 
produce rn»!.s,c7s.t:7.s-2,4,6-octatriene and then use light to produce the desired product. 



; ± 
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G.8 



The first electrocyclic reaction is a thermal, conrotatory ring opening ol" a 4/; 77-electron 
system. The second electrocyclic reaction is a thermal, disrotatory ring closure of a (4n + 
2) 7r-electron system. 



heal 




(conrotatory) 



This double bond 
is not involved in 
the first reaction. 

A 




G.9 (a) There are two possible products that can result from a concerted cycloaddition. They 
are formed when t7.s-2-but.enc molecules come together in the following ways:. 





CH, 



H,C, 



H 3 C 
H 



CH, 
H 



H,C 




(b) There are two possible products that can be obtained from trans-2-b 



utene as well. 




CH, 



hv x 



CH, 



H 3 C 



CH, 




H H 3 C H 

G.1Q This is an intramolecular |2 + 2J cycloaddition. 
CN CN 



G.ll (a) 



CH, 



CN NC 



CN CN 



(b) H 3 C 



CN NC 



H 
CH, 



+ 
Enaritiomer 
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SPECIAL TOPIC 

Organic Halides and 

Organometallic Compounds in the Environment 



ci 




OH 



a 



r A Y OH 

-> I 
ci^V 

CI 



OH", 



> I, 

CI 



Vo 




+ HjO 



CI 



SOLUTIONS TO PROBLEMS 



I? 



H.l C1X-CH + H 2 S0 4 



OH 
II 
CI3C-CH 



OH 
CI3C-CH 



+ HS0 4 ~ 



C1 3 C-CH 



?H . CO 



C1 3 C-CH 



OH 

-c 

H^ 



a 




OH 
CUC-CH 



■0. 



CI 




CI 



OH 
C1 3 C-CH 




OH, 
CUC-CH 



O 



+ H,S0 4 
Cl 




CLC-CH 



0L C - TO 




ci 



+ HS0 4 



+ H,0 



(b) 




& 







c> 



ay^a / - 0y ^v c1 -cr c W u yY 



H.4 An S N 2 reaction 



CI 



CI 




CI 



CHj-CI 

+ I 

O 



CI 



ci 



kx^XL 



-cr 



ci 



ci-^^q/W^, 



Cl 



CI 



CI 



ci 






II 

0-CH,C-0~ 



C'l 



ci 



ar^^ ecu — 



H.l An elimination reaction. 

:i 



Cl — ► Cl 



H.3 (a) 




Cl 



OH 



Cl 



Cl 




v_Cl 3 — 



OH 
"TO T-Cl 

Ci 



<— > 



Cl 




OH 
Cl 



and so on 



Cl 



SPECIAL TOPIC I 469 



SPECIAL TOPIC 

Transition Metal Organometallic Compounds 



SOLUTIONS TO PROBLEMS 



I.l 



468 



3PC - 
OC^l CO 
CO 
Cyclobutadiene iron 
tricarbonyl 

Total number of 
_ valence electrons 
(both .valid d elections) 
of elemental iron 

d" = 8-0 = 8 

Total number 
of valence electrons 
of iron in the 
complex 



ocr i TO 

CO 

Cyclopentadienylmanganese 

tricarbonyl 

d>< = 7-1=6 

Total number of 
valence electrons = 

of Mr in complex 



oxidation slate 
of the metal 
in the complex 



electrons 
d" + donated by 
liaands 



8 + 3(CO) + cyclobutadiene 
8 + 3(2) + 4= 18 



6 + 3CCO) + Cp 

6 + 3(2) + 6=18 



iL 



oc^l co 

CO 

Benzene chromium 

tricarbonyl 



d" = 6 - = 6 



Total number of 
valence electrons 
of Cr in complex 



6 + 3(CO) + benzene 
6 + 3(2)4-6=18 
1.2 A syn addition of D, to the trans alkene would produce the following racemic form. 



H. „,|C0jEf 



EtO,C 






RMPh^Cl 
+ D, — > 



ligand 



C0 2 Et Q0 2 Et 



H'" A "D 
CO,Et 



D^A '"H 
CO,Et 



1.3 (Ph 3 P) 3 RhCl + CH 3 Li exc t lange > (Ph 3 P) 3 RhCH 3 + LiCl 
(16 electrons) (16 electrons) 

Rh 1 Rh 1 



Oxidative 
addition 



[Qj + (Ph 3 P) 3 Rh[ «..„„„,,,,„ 

(16 electrons) 
Rh 1 



(Ph 3 P) 3 Rh(CH 3 )I 
reductive (V y| 



(18 electrons) 

Rh'n 
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1.4 (Ph 3 P),Rh(CO)Cl + CH 3 Li 



(16 electrons) 



(a) 



> (Ph 3 P),Rh(C0)(CH 3 ) + LiCl 
2 
(16 electrons) 



CM 



o 
ii 

C 6 H 5 CC1 



(Ph 3 P) 2 Rh(CO)Cl + C 6 H 5 CCH 3 < 

(16 electrons) 
Rh 1 

(a) Is a ligand exchange 

(b) Is an oxidative addition 

(c) Is a reductive elimination 



(Ph 3 P) 2 Rh(C0)(C0C 6 H 5 )(CH 3 )CI 
3 

(18 electrons) 

Rh™ 



CH 3 

OC PPh, OC I PPh, 

V / 3 CH 3 -I \l/ 

4 - /\ C0,CH 3 — — ** /ft C0 7 CH 3 Oxidative 

Ph 3 P £ ' Ph 3 P J X r X addition 



A 
H CO,CH 3 

(16 electrons, Rh 1 ) 
CH, 



A 

H COjClj 



(18 electrons, Rh ln j 



OC PPh 3 

5. R 



, , I CO,CH, ► RhI(CO)(PPh 3 ), + 

ph 3 p |V 



I 



A 
H COjCHj 

(18 electrons, Rh 111 ) 



CH 3x ^CCCHj 
1 



(16 electrons, Rh') y/ ^^q m 



Reductive 
elimination 



-Ph.P 



1.5 1. (Ph 3 P) 3 Rh(CO)H — ^— *• (Ph 3 P),Rh(CO)H Ligand 



(18 electrons, Rh 1 ) (16 electrons, Rh 1 ) 



dissociation 



1.6 (CH,),CuLi + 



©- 



I 

CH 3 -C'u 
CH 



Li + Oxidative 
addition 



2. (Ph 3 P) 2 Rh(CO)H 
(16 electrons, Rh 1 ) 



O O COjCHj 

CHjOCCSCCOCH, OQ, | 3 c 

► .Rh «— ill 

Ph 3 P H ^r 

C0,CH 3 

(18 electrons, Rh 1 ) 



ca,cs, 

3. jRh <— III 

Ph 3 P H I 

C0 2 CH 3 

(18 electrons, Rh 1 ) 



Ligand 
association 



OC. PPh 



Ph 3 P 



S&i C0 2 CH 3 Insertion 



A 

H C0,CH 3 

(16 electrons, Rh 1 ) 






CH, + CH,Cu Reductive 



+ Lil 



elimination 



'I 
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CARBOHYDRATES 



SUMMARY OF SOME REACTIONS OF MONOSACCHARIDES 





I 

(CHOH),, 

CH,OH 



Open-chain 
form of aldose 



Br, 



C0 2 H 



H,0 



HNO, 



(CHOH),, 
CH,OH 



Aldonic acid 



COjH 



-> (CHOH),, Aldaric acid 
CO,H 



C 6 H,NHNH, 



C=NNHC,,H,- 
I 



Osazone 



(CHOH)„_ 
CH,OH 



HCN 



CN 
I 



(Kiliani-Fischer 
synthesis) 



<9 



HOH) 



B+l 



Cyanohydrin 



several. 

j 

steps 



CH,OH 



CH 2 OH 
NaBH ! > (CHOH),, Alditol 

CH,OH 

CHO 
,! ' : " , ° -> (CHOH)„_ 1 Aldose with one 



CHO 

((hoh)„ +1 

CHjOH 

Aldose with 
one more 
carbon 



(2)H,0,/FeT 
(Ruff degradation) 



I 
CR.OH 



fewer carbon atom 



CH,0 



;h,och, 

-O 




\ 

■"X 

CH 3 



H,0 CH,0 



CH 2 OCH, 

" -cr 



f) choch 3 



\ 



CHOH 



CH, 



H- 
H- 



O 
CH 

-OCH3 

-H 

-OCH 3 

-OH 
CHjOCH, 



SOLUTIONS TO PROBLEMS 

22.1 (a) Two, CHO 
*CHOH 
*CHOH 
CH,OH 



(b) Two, CH 2 OH 
C=0 
*CHOH 



22.2 



CHOH 
CH,OH 



(c) There would be four stereoisomers (two sets of enantiomers) with each general 
structure: 2 2 = 4. 



CHO 
Ht^l^OH 



H 



p^C^, 



OH 

CH 2 OH 





CH,OH 

I - 
Q=0 

Ht^^iOH 

I 
H^^OH 

CH,OH 



CHO 






no 



I^H 
CH.OH 



CH,OH 

c=o 



HOsw^^H 



HO 



I 



CHO 


CHO 


HOb^^iflH 

1 


Hte^^aOH 

1 


1 
H^^OH 
CH 2 OH 


HO^^H 
C*H,OH 


D 


L 


CH,OH 
1 2 

c=o 


CH 2 OH 
C=0 


HOte^^..^H 
1 


Hi&wi^siOH 
1 


1, 
H^^OH 
CH 2 OH 


1, 
CH,OH 


D 


L 



CH 2 OH 
H0 -^~~A>^ N^ CH,OH HO 

Ho\-^^~CHOH K HO 

Cyclic form of D-glucose 



CH,OH, 



OH 



(CH;);SO,, 

"CHOCH3 OFT 



Methyl glucoside 
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22.3 (a) 



HOCH, 



HO 
HO 







OH 
D-(+)-Glucose 



CH,OH 



and HO. 



2-Hydroxybenzyl alcohol 



22.5 Since glycosides are acetals, they undergo hydrolysis in aqueous acid to form cyclic hemi- 
acetals that then undergo mutarotation. 

22.6 a-D-Glucopyranose will give a positive test with Benedict's or Tollens' solution because 
it is a cyclic hemiacetal. Methyl a-D-glucopyranoside, because it is a cyclic acetal, will 
not. 



(b) HOCH, 
HO 
HO 



HOCH, 



■■ 5 H ^° H &* HO 

9-Yr^ h-o^h ho 

OH Vj\ < > 



-O J H CH,OH 




Salicin 
CH,OH 



HO 



HOCH, 



♦- Ho-^r-^tA, 



H0\^^' 




H-O-H 



HOCH, 

> HO^^-^^ \ + 

Ho\^V^WOH, 
UH 



HOCH, 



-H\ 



HO 
HO 



OH 



OH 



22.7 (a) Yes 



(e) No 



(b) 



CO,H 
-H 
-H 
-OH 
-OH 



(c) Yes 



HO- 
HO- 

H- 

H- 

CO,H 
D-Mannaric acid 



(f) 



HO- 

II- 



CHO 
-H 
-OH 



HNO, 



CH,OH 

D-Threose 



(d) CO,H 



H- 
H- 



-OH 
-OH 



CO,H 



HO- 

H- 



CO,H 
H 
OH 



CO,H 
D-Tartaric acid 



(g) The aldaric acid obtained from D-erythrose is »ieso-tartaric acid; the aldaric acid 
obtained from D-threose is D-tartaric acid. 



22.4 Dissolve D- glucose in ethanol and then bubble in gaseous HC'l. 



HOCH, 




HOCH 2 

h^ H0 ^A>9 X / h _m^ 

. c-OH * HO-A^-^J-CW-H *— 



HOCH, 



HO 



-T*HK/£ 



HOCH, 



HO 
HO 



OH 



H-O-Et 



HOCH, 



HoV-^jf 



-»►' HO 



O-Et 




OH 



HOCH, 
H0 '\ A>0 \ * EtOH, + 

O-Et 



22.8 




!l 
C- 



H- 

HO- 

H- 



-OH 



and 




II 
C-OH 



-OH 



-OH 

C-OH 

II 

O 



H- 
H- 



-H 

-OH 

-OH 



<: 
ii 
o 



22.9 One way of predicting the products from a periodate oxidation is to place an -OH group 
on each carbon atom at the point where C-C bond cleavage has occurred: 



4-- 



-OH T0 4 - 

-C-OH 

I 



I 
-C-OH 

OH 



OH 

L 



OH 



I 



1 
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then if we recall (Section 16.7A) that gtw-diols are usually unstable and lose water to 
produce carbonyl compounds, we get the following results: 



4^m 



C, 



OH 



yOH 

-cAAh 

i 



-> -c=o 



-C=0 + 

I 



H,0 
H,0 



Let us apply this procedure to several examples here while we remember that for every 
C-C bond that is broken 1 mol of HI0 4 is consumed. 



(a) 



H-C-OH 

t 

H-C'-OH 
I 
CH, 



H 

I 



+ HI0 4 



(b) H-C-OH 

H-C-OH + 2 HIO. 

+-- 

H-C-OH 
I 
CH 3 



CH, 
H-C-^H 



c, 1 



-*■ < 



OH 



*OH 

H-r-o^-H 

CH, 



H-C-&-H 
r\ 
*OH 

+ 

O-H 

H-c-o-H y 

*OH 

+ 
„OH 

H^-^H 
CH, 



-2H,0 



-#> 2CH 3 C-H 



H 
H-C=0 



-3 HO 




H-C-OH 



+ 

H-C=0 
I 
CH, 



H 
(d) H-C-OH 

H-C-OH + 2HI0 4 

c=o 



CH 3 
(e) C=0 



H-C-OH + 2 HIO, 
C-0 

I 

CH, 



H 

H-C-OH 
I 

OH 
.+ 

OH 
1 
H-C-OH 

OH 

+ OH 
I 
C=0 

I 

CH, 



CH, 



-> < 



c=o 

OH 



OH 

H-C-OH 
I 
OH 

OH 

I 
C=0 

I 
CH, 



-2H.0 
> 2 —> 



H 

H-C=0 

+ 


H-C-OH 





II 







CH,CC 



2 CH3COH 



-2 HO 



-> + 



O 

II 

HCOH 



li /- ^C-OH 

H,C — I + HI0 4 > HX 

\ ^C-OH \ 



H 

I 



H,C— C-OH 

f oh -im_ 



OH 



H,C 



> 



O 



H 



H 2 C— C— OH II II 

I HCCHX'H,CH,CH 

H ,22 



H 
I 
(c) H-C-OH 

-4 

H-C-OH + HIO, 

I 4 

H-C-OCH, 

I 3 

OCH, 



H 

H-C-OH 

OH 
+ 
OH 

H-C-OH 

H-C-OCH, 
I 3 

OCHj 



-2 HO 



H 
H-C=0 







H-C 

H-C-OCH, 
OCH3 



IT 
r 

H-C-OH 
(g) -— j- 

H,C-C-OH 

3 I 
CH, 



+ HI0 4 -7 



-> < 



H 

H-C-OH 

I 
OH 

+ 

OH 
I 

CH, 



H 
H-C=0 



-2 HO 

y — —> + 



H,C-C=0 
3 I 
CH, 
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(h) 



f 
H-C 



H-C-OH 
H-C-OH 

H-C-OH 

I 
H 

D-Erythrose 



+ 3HI0 4 



O 

II 

H-C-OH 

+ OH 

I 
H-C-OH 

I 
OH 



"*■ < 



OH 

I 

H-C-OH 

Ah 

OH 
H-C-OH 



-3 HO 
V — -> 





II 

3 HCOH 

+ 

II 
HCH 



22.10 Oxidation of an aldohexose and a ketohexose would each require 5 moloi'HI0 4 but would 
sive different results. 



CHO 



CHOH 



HOH 



+ 5HIO, 



CHOH 

+-- 
CHOH 

-I 

CH,OH 

Aldohexose 



CH,OH 

C=0 

+— 

CHOH 

CHOH ' 

-I" 

CHOH 

jrr 

CH,OH 



+ 5HIO., 



HCOjH 

+ 

HCO,H 

+ 

HCO,H 

+ 

HCOjH 

+ 

HCO,H 

+ 

HCHO 



HCHO 

* 

CO, 

HC0 2 H 

+ 
HC0 2 H 

+ 
HC0 2 H 

+ 
' HCHO 



(.5 HCO,H + HCHO) 



(3 HCO,H + 2 HCHO + CO-,) 



22.1 1 (a) Yes, D-glucitol would be optically active; only those alditols whose molecules pos- 
sess a plane of symmetry would be optically inactive. 



(b) 



H- 
H- 

H- 

M- 



CHO 

OH 

OH 

OH 

OH 

CH,OH 



NaBH, 



CH,OH 

-OH 

-OH 

-OH 

-OH 
CH 2 OH 
Optically inactive 



H- 
H- 

H- 
H- 



Piane of symmetry 



CHO 



H- 
HO- 
HO- 



-OH 
-H 

-H 
H — 1— OH 
CH,OH 



NaBH, HO- 
> 



HO- 

H- 



-OH 
-H 
-H 
-OH 



Plane of symmetry 



CH 2 OH 
Optically inactive 



22.12 (a) 



HO- 
H- 

H- 



CH,OH 

C=0 
-H 
-OH 
-OH 

CH.OH 



C 6 H 5 NHNB, 



HO- 
H- 
H- 



CH=NNHC 6 H 5 

C=NNHC 6 H 5 

H 

OH 

OH 
CH,OH 



(b) This experiment show.s that D-glucose and D-fructose have the same configurations 
atC3. C4, andC5. 



22.13 (a) 



CHO 
-H 
-H 



CHO 



HO- 
HO- 

CH 2 OH 

L-Erythrose 



H OH 

TO H 

CH,OH 

L-Threose 



(b) L-Glyceraldehyde HO- 



CHO 
-H 



CH-.OH 



Ketohexose 



i 
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22.14 (a) 



CHO 



CN 



H- 
H- 
H- 



H- 
H- 
H- 



— OH 
-OH 
—OH 
H 2 OH 

(1) Ba(OH) 2 

(2) H 3 0* 


C-OH 

OH 

OH 

OH 
CH,OH 



-H,0 

HOCH 2 
.H 

OH 



,-=o 




OH 



Na-Hg, H,0 
pH3-5 



o 

II 

C-H 



H- 
H- 
H- 



-OH 
-OH 
-OH 



H- 
H- 



-OH 
-OH 
CH,OH 
D-(-)-Erythrose 



HCN 



Epimeric 
cyaiiohydrins 
(separated) 



Epimeric 
aldonic acids 



Epimeric 
y-aldonolactones 



CN 



HO- 
H- 
H- 



-H 

-OH 

-OH 



CH,OH 

(1) Ba(OH 2 ) 
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C-OH 
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-OH 
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—OH 
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—OH 
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:h 2 oh 



(b) 
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II 
C-H 



OH 
OH 
OH 
CH 2 OH 
D-(-)-Ribose 



O 
II 
C-H 



HNO, 



H- 
H- 
H- 



1 
C-OH 

-OH 



-OH 
-OH 



HO 
H 
H 



C-OH 


Optically inactive 




II 
C-OH 



H 

OH 

OH 

CH,OH 

D-(-)-Arabinose 



HNO, 



H- 
H- 



-H 

-OH 

-OH 



C-OH 

II 




Optically active 
22.15 A Kiliani-Fischei synthesis starting with D-(-)-threose would yield I and II, 



CHO 



CHO 



H — 


— OH 










H — 


—OH 


CH 2 OH 




[ 


D-(-( 


)-Xylose 



HO- 

HO- 

H- 



-II 
-H 
-OH 



CH 2 OH 
II 

D-(-)-Lyxose 

I must be D-( + )-xylose because, when oxidized by nitric acid, it yields an optically inac- 
tive aldaric acid: 



HNO, 



H- 

Hp- 
H- 



CO,H 
-OH 
-H 
-OH 



CO,H 
Optically inactive 
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II must be D-(-)-Iyxose because, when oxidized by nitric acid, it yields an optically ac- 
tive aldaric acid: 



A Ruff degradation beginning with IV would yield D-(— )-lyxose: thus, D-( + )-gaIactose 
must have structure IV. 



II 



HNO, 



HO- 

HO- 

H- 



CHO 



-H 
-H 
-OH 



Optically active 



22.16 



HO- 
HO- 
HO- 



CHO 
-H 

-H 
-H 



CHO 



H- 
HO- 
HO- 



CH,OH 
L-(+)-Ribose 



-OH 
-H 

-H 



HO- 

H- 

HO- 



CH 2 OH 

L-(+)-Arabinose 



CHO 
H 

OH 
H 

CH,OH 



CHO 



H- 

II - 

HO- 



-OH 
-OH 



H 
CH,OH 



L-(-)-Xylose L-(+)-Lyxose 



22.17 Since D-(+)-galactose yields an optically inactive aldaric acid, it must have either struc- 
ture III or structure IV. 



CHO 



-OH 

-OH HNO, 



C0 2 H 
-OH 
-OH 
-OH 
-OH 

C0 2 H 
Optically inactive 



CHO 



H- 
H- 
H- 
H- 



II- 
HO- 
HO- 



-OH 

-H HNO, 

-H 

-OH 



H- 
HO- 



OH 

OH H— I— OH H- 

CH 2 OH 
III 

A Ruff degradation beginning with III would yield D-(-)-ribose 

CHO 



HO- 
H- 



CO,H 
-OH 
-H 
-H 
-OH 



CHjOH 

rv 



C0 2 H 
Optically inactive 



III 



Br, 



H,0, 



H,0 Fe 2 (S0 4 ), 



-OH 
-OH 
-OH 



H- 

H- 
H- 

CH 2 OH 
D-(-)-Ribose 



IV 



H,0, 



Br, 



H,0 Fe 2 (SQ,), 



HO- 
-> HO- 



H<- 



-H 
-1 
-OH 



CH 2 OH 
D-(-)-Lyxose 



22.18 D-( + )-alucose. as shown here. 




II 
C-OH 

-OH 



Na-He 
-H ^> HO- 




II 
C-OH 



-OH 
-H 



-OH 
-OH 



a- 

H- 



O 

II 
C- 



-OH 

-OH 



H- 

-8* HO- 

H- 

H 



II 


The other y-Iactone 
of D-alucaric acid 



22.19 HO CH,OH 



CH,OH 



-OH 



-OH 
CH,OH 



Na-Hg H- 

pH 3-5 ' HO- 

H- 

H- 



CHO 
-OH 
-H 
-OH 
-OH 

CH,OH 

D-(+)-Glucose 



CH,OH 



KMnO, 




+ 2 CH3-C-CH3 



OH 
D-Galacturonic acid 



22.20 (a) CHO 
I 
CHOH 

CHOH 
I 

CHOH 
I 
CH,OH 



(b) CH : OH 

C=0 

CHOH 

CHOH 

I 

CHOH 

CH,OH 



(c) 



CHO 

I 
(CHOH),. 



HOt&^^^H 
CH 2 OH 



CH,OII 
C=0 

I 

(CHOH),, 
HOfe^i ,^saH 

I 

CH,OH 
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I 
(d) CHOR 

(CHOH),, 

CH 

CH,OH 



(e) CO,H 
((JrHOH),, 



(f) C0 2 H 



HOH)„ 



(g) 



(1>) 



OH 

I 

CH- 



(CHOH),, 



CH 

I 
CH,OH 



OH 
(i) CH- 
CHOH 
CHOH 



CH 

CHOH 

I 

CH,OH 



CHOH 

I 
CHOH 

I 
CHOH 

I 

CH 

I 
CHjOH 

CH,OH 
CHOH 



CH 



CH,OH 

I 

CH 



-O 



\ 



/ 
QHOH 

CHOH— CHOH 



.CHOH 



-CHOH 



/ 



CHOH— CHOH 



(j) Any sugar that has a free aldehyde or ketone group or one that exists as a cyclic 
hemiacetal. The following are examples: 



CHO 
(CHOH),, 
CHOH 



OH 
I 
CH 1 

(CHOH),, O 

CH — I 

CH 2 OH 



(k) 



CH- 



-O 



CH,OH 
C=0 
«j.'HOH)„ 
CHOH 



CH,OH 

I 2 



CH,OH 
J,^"OH 



(CHOH),, O 



CH- 
I 



CHjOH 



\ 



/ 
CHOH 

CHOH— CHOH 



CHOR 



(1) CHOH 

^H 



QH 



-CHOR 



/ 



CHOH -CHOH 



(m) Any two aldoses that differ only in configuration at C2. (See also Section 22. S for 
a broader definition.) D-Erythrose and D-threose are examples. 



CHO 



fit- 
H- 



CHO 



-OH 
-OH 
CH,OH 
D-Erythrose 



HO- 

K'- 



-H 

-OH 



D-Threose 



(n) Cyclic sugars that differ only in the configuration of CI, The following are 
examples: 



HOCH 
HO 
HO 



(o) CH=NNHC 6 H 5 



0\ 

Oh 



and 



HOCH, 
gfj^4^\ 



OH 



(CHOH),, 
CH,OH 



(q) Amylose is an example 
HOCH, 



(p) Maltose is an example: 

HOCH 2 

HO^^°\ 
HnV^ — \ HOCH, 

HO 



OH 




HOCH, 



HOCH, 




(r) Any sugar in which all potential carbonyl groups are present as acetals (i.e.. as gly- 
cosides). Sucrose (Section 22.I2A) is an example of a nonrcducing disaccharide: the 
methyl D-glucopyranosides (Section 22.4) are examples of nonieducing monosaccha- 
rides, i 



22.21 (a) 



OH 
I 
CH, 



(b) 



HO 




OH 



OH 
I 
CH, 



HO 



OH 



OH 




OH 



)CH, 



OH 



1, 
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(c) 



OCH, 
CH, 




OCH, 



OCH, 



OCH 3 



22.22 (a) HOCH, 



H ,i 

and 
H 1 ■ W OH HC 

oh oh Oh Oh 




h hu 





HOCH, 



+ HIO, 



OCH, 




H CH HC OCH 3 

II II 

o 



+ 2HI0 4 



OCH, 



HC 
O 



I 

A 



-o. 



H 



OH" OH 



HC ^"i 

II 





+ HCOH 



A methyl ribofuranoside would consume only 1 mol of HI0 4 ; a methyl ribopyranoside 
would consume 2 mol of HI0 4 and would also produce 1 mol of formic acid. 

22.23 One anomer of D-mannose is dextrorotatory ([a] D = +29.3°); the other is levorotatory 
([a]D=-17.0°). 

22.24 The microorganism selectively oxidizes the -CHOH group of D-glucitol that corresponds 
to C5 of D-alucose. 



H 
HO 

H 
H 



CHO 
^-OH 



ft 



OH M 
OH 
CH 2 OH 
D-Glucose 



H- 

HO- 

H- 

H- 



CH,OH 
-OH 



CH 2 OH 



-H 



H- 
HO- 

BB Acetobacter "" 
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ft 



■*■ 



-OH 
-H 
-OH 
C=0 



CH,OH 
D-GIucitol 



HO- 

H- 

HO- 



CH,OH 
C=0 

-H 

-OH 



H 

: H,OH CH,OH 

L-Sorbose 



22.25 L-Gulose and L-idose would yield the same phenylosazone as L-sorbose. 



22.26 



CH=NNHC fi H, 
C=NNHC 6 H 5 



HO- 

H- 

HO- 



-H 

-OH 

-H 



C 6 H s NHNHj 



CH 2 OH 

Same 
phenylosazone 



CH,OH 
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H- 
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CH,OH 

L-Sorbose 
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HO- 
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-H 
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CH,OH 
L-Gulose 



CHO 
-OH 
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H— I— OH 



H- 

HO- 



HO 



H 

CH,OH 
L-Idose 



CH=NNHC fi H, 



OH 
OH 
OH 
CH,OH 
D-Psicose 



C 6 H 5 NHNH, 



H- 
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-OH 
-OH 
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Ch,oh 



C 6 H 5 NHNH, 



CHO 

OH 

OH 

OH 

OH 

CH,OH 
D-AUose 



CH,OH 
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HO- 

HO- 

H- 



CH=NNHC 6 H 5 
C=NNHC 6 H 5 
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CH,OH 
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H- 
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-H 
-OH 
CH,OH 



C 6 H 5 NHNH, 



H 
HO 
HO 

H 



CHO 
OH 
H 

a 

OH 
CH 2 OH 
D-Galactose 



22.27 A is D-altrose, B is D-talose, C is D-ealactose. 
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C 6 H 5 NHNH, 



ch<nhnh, 



i 
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H- 

H- 
H- 



-OH 
-OH 
-OH 



Different phenylosazones, 



22.29 
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(Note; If we had designated D-talose as A, and D-altrose as B, then C is D-allose). 



22.28 
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22.30 The conformation of D-idopyranose with four equatorial -OH groups and an axial 
-CH,OH group is more stable than the one with four axial -OH groups and an equatorial 
-CHnOH group. 



CH,OH 
/^-O^/^OH 

HO-^/--? r ~---~/-OH 
OH 

More stable 

4 Equatorial -OH groups 
1 Axial -CHjOH group 



CH,OH , 




HO OH 

Less stable 

4 Axial -OH groups 

1 Equatorial -CH 2 OH group 



22.31 (a) The anhydro sugar is formed when the axial -CH : OH group reacts with CI to form 

a cvclic acetal. 



HO' 



HOCH 2 °H 




OH 



OH 

HO 
P-D-AItropyranose 




II 



OH 



H + (-H,0), 



> 



OH 




Anhydro sugar 
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Because the anhydro sugar is an acetal (i.e., an internal glycoside), it is a nonreducing 
sugar. 

Methylation followed by acid hydrolysis converts the anhydro sugar to 2,3,4-tri- 
O-methyl-D-altrose: 




H\H,0 



OCH, 



Anhydro-fS-D- 
altropyranose 



CH 3 °^ 



CH3O- 
H- 
H- 



CHO 

-H 

-OCH3 

-OCH3 

-OH 
CH,OH 



2,3,4-Tri-O- 
methyl-D-altrose 



(b) Formation of an anhydro sugar requires that the monosaccharide adopt a chair con- 
formation with the -CHUOH group axial. With /3-D-altropyranose this requires that two 
-OH groups be axial as well. With /3-D-glucopyranose, however, it requires that all four 
-OH groups become axial and thus that the molecule adopt a very unstable conformation: 

Highly unstable 
conformation 



HOCH, 




HO OH 

Anhydro- p-D-glucopyranose 

22.32 I . The molecular formula and the results of acid hydrolysis show that lactose is a disac- 
charide composed of D-glucose and D-galactose. The fact that lactose is hydrolyzed by a 
P-galnciosidase indicates that galactose is present as a glycoside and that the glycosidic 
linkage is beta to the galactose ring. 

2. That lactose is a reducing sugar, forms a phenylosazone, and undergoes mutarotation 
indicates that one ring (presumably that of D-glucose) is present as a hemiacetal and thus 
is capable of existing to a limited extent as an aldehyde. 

3. This experiment confirms thai the D-glucose unit is present as a cyclic hemiacetal and 
that the D-galactose unit is present as a cyclic glycoside 



4. That 2.3,4,6-tetra-O-methyl-D-galactose is obtained in this experiment indicates (by 
virtue of the free -OH at C5) that the galactose ring of lactose is present as a pyranoside. 
That the methylated gluconic acid obtained from this experiment has a free -OH group at 
C4 indicates that the C4 oxygen atom of the glucose unit is connected in a glycosidic link- 
age to the galactose unit. 

Now only the size of the glucose ring remains in question, and the answer to this 
is provided by experiment 5. 

5. That methylation of lactose and subsequent hydrolysis gives 2.3.6-tri-O-methyl-D- 
glucose — that it gives a methylated glucose derivative with a free -OH at C4 and C5 — 
demonstrates that the glucose ring is present as a pyranose. (We know already that the 
oxygen at C4 is connected in a glycosidic linkage to the galactose unit: thus, a free -OH 
at C5 indicates that the C5 oxygen atom is a part of the hemiacetal group of the glucose 
unit and that the ring is six membered. I 



22.33 




H 9 CH,OH 



HO 




OH 



I OH 

6-0-(a-D-Galactopyranosyl)-D-glucopyranose 
We arrive at this conclusion from the data given: 

1. That melibiose is a reducing sugar and that it undergoes mutarotation and forms a 
phenylosazone indicate that one monosaccharide is present as a cyclic hemiacetal 

2. That acid hydrolysis gives D-galatose and D-glucose indicates that melibiose is a di- 
saccharide composed of one D-galactose unit and one D-glucose unit. That melibiose is 
hydrolyzed by an a--galactosidase suggests that melibiose is an a-D-galactosyl-D-glucose, 

3. Oxidation of melibiose to melibionic acid and subsequent hydrolysis to give D-galac- 
tose and D-gluconic acid confirms that the glucose unit is present as a cyclic hemiacetal 
and that the galactose unit is present as a glycoside. (Had the reverse been true, this ex- 
periment would have yielded D-glucose and D-galactonic acid.) 

Methylation and hydrolysis of melibionic acid produces 2.3.4,6-tetra-O-methyl- 
D-galactose and 2,3,4.5-tetra-O-methyl-D-gluconic acid. Formation of the first product — 
a galactose derivative with a free -OH at C5 — demonstrates that the galactose ring is six 
membered: formation of the second product — a gluconic acid derivative with a free -OH 
at C6 — demonstrates that the oxygen at C6 of the glucose unit is joined in a glycosidic 
linkage to the galactose unit. 

4. That methylation and hydrolysis of melibiose gives a glucose derivative (2,3.4-tri-O- 
methyl-D-glucose) with free -OH groups at C5 and C6 shows that the glucose ring is also 
six membered. Melibiose is. therefore. 6-0-(o:-D-galactopyranosyl-D-glucopyranose. 



i 
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22.34 Trehalose has the following structure: 



HOCH, 




a-D-Glucopyranosyl-a-D-glucopyrarroside 



CFL,OH 



HO 
HO 




OH 



HO-T^^y-OH 
/ ^-"~ a -~-^CH 2 OH 



We arrive at this structure in the following way: 



1. Acid hydrolysis shows that trehalose is a disaccharide consisting only of D-glucose 

units. 

2. Hydrolysis by a-glucosidases and not by /3-glucosidases shows that the glycosidic 
linkages are alpha. 

3. That trehalose is a noureducing sugar, that it does not form a phenylosazone. and that 
it does not react with bromine water indicate that no hemiacetal groups are present, This 
means that CI of one glucose unit and CI of the other must be joined in a glycosidic link- 
age. Fact 2 (just cited) indicates that this linkage is alpha to each ring, 

4. That methylation of trehalose followed by hydrolysis yields only 2,3,4,6-tetra-O- 
methyl-D-glucose demonstrates that both rings are six membered. 

22.35 (a) Tollens" reagent or Benedict's reagent will give a positive test with D-glucose but 
will give no reaction with D-glucitol. 

(b) D-Glucaric acid will give an acidic aqueous solution that can be detected with blue 
litmus paper. D-Glucitol will give a neutral aqueous solution. 

(c) D- Glucose will be oxidized by bromine water and the red brown color of bromine 
will disappear. D-Fructose will not be oxidized by bromine water since it does not con- 
tain an aldehyde group. 

(d) Nitric acid oxidation will produce an optically active aldaric acid from D-glucose 
but an optically inactive aldaric acid will result from D-galactose. 

(e) Maltose is a reducing sugar and will give a positive test with Tollens' or Benedict's 
solution. Sucrose is a noureducing sugar and will not react. 

(f) Maltose will give a positive Tollens' or Benedict's test; maltonic acid will not. 

(g) 2.3.4.6- Tetra-0-methyl-/3-D-glueopyranose will give a positive test with Tollens* or 
Benedict's solution; methyl /3-D-glucopyrarroside will not. 

(h) Periodic acid will react with methyl a-D-ribofuranoside because it has hydroxyl 
groups on adjacent carbons. Methyl 2-dcoxy-a-D-ribofuranoside will not react. 
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22.36 That the Schardinger dextrins are noureducing shows that they have no free aldehyde or 
hemiacetal groups. This lack of reaction strongly suggests the presence of a cyclic struc- 
ture. That methylation and subsequent hydrolysis yields only 2.3,6-tri-O-mettryl-D-glu- 
cose indicates that the glycosidic linkages all involve CI of one glucose unit and C4 of 
the next. Thai a-glucosidases cause hydrolysis of the glycosidic linkages indicates that 
they are a-glycosidic linkages. Thus, we are led to the following general structure. 



HOCH, 



HOCH,- 




CH,OH 



Note: Schardinger dextrins are extremely interesting compounds. They are able to form 
complexes with a wide variety of compounds by incorporating these compounds in the 
cavity in the middle of the cyclic dextrin structure. Complex formation takes place, how- 
ever, only when the cyclic dextrin and the guest molecule are the right size. Anthracene 
molecules, for example, will fit into the cavity of a cyclic dextrin with eight glucose 
units but will not fit into one with seven. For more information about these fascinating 
compounds, see Bergeron. R. J.. "Cycloamyloses." J, Client, Editc, 1977, 54. 204-207. 



22.37 Isomallose has the following structure: 
HOCH, 



HOCH, 




H OH 
6-0-(a-D-Glucopyranosyl)-D-glucopyranose 

(1) The acid and enzymic hydrolysis experiments tell us that isomaltose has two glu- 
cose units linked by an a linkage. 

(2) That isomaltose is a reducing sugar indicates that one glucose unit is present as a 
cyclic hemiacetal. 
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(3) Methylation of isomaltonic acid followed by hydrolysis gives us information about 
the size of the nonreducing pyranoside ring and about its point of attachment to the re- 
ducing ring. The formation of the first product (2,3,4,6-tetra-O-methyl-D-glucose) — a 
compound with an -OH at C5 — tells us that the nonreducing ring is present as a pyra- 
noside. The formation of 2,3,4,5-tetra-O-methyl-D-gIuconic acid — a compound with an 
-OH at Cfj — shows that the nonreducing ring is linked to C6 of the reducing ring. 

(4) Methylation of maltose itself tells the size of the reducing ring. That 2,3,4-tri-O- 
methyl-D-glucose is formed shows that the Reducing ring is also six membered: we know 
this because of the free -OH at C5. 

22.38 Stachyose has the following structure: 

HOCH 2 

Hydrolysis here by an a-galactosidase yields 

D-galactose and raffinose 




Hydrolysis here by an a-galactosidase 
yields sucrose 



H HO J H H0CHi 

D-Galactose [/ H 

.OH H 
HI 



Raffinose 



H OH 

D-Glucose 




CH.OH 



OH H 

D-Fructose 



Y 
Sucrose 



Raffinose has the following structure 
HOCK, 



Melibiose*: 




Hydrolysis here by an a-galactosidase 
yields D-galactose and sucrose 

r---Hydrolysis here by an invertase 
yields melibiose and fructose 
CH,OH H 



CH.OH 
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The enzymic hydrolyses (as just indicated) give the basic structure of stachyose and raf- 
finose, The only remaining question is the ring size of the first galactose unit of stachyose. 
That methylation of stachyose and subsequent hydrolysis yields 2,3,4, 6-tetra-O-methyl- 
D-galactose establishes that this ring is a pyranoside. 



22.39 Arbutin has the following structure 
HOCH, 



HO 



-0. 



HOCH, 



OH 



i v nuui! 



NT'L,'' 



OH 



p-Hytiroxyphenyl-P-D-glucopyranoside 



Compounds X, Y, andZ are hydroquinone, p-methoxyphenol, and p-dimethoxybenzene. 
respectively. 



(a) Singlet 5 7.9 [2H] 

(b) Singlet 5 6.8 [4H] 




OH (a) 
X 
Hydroquinone 




OCH, (c) 
Y 

p-Methoxyphenol 




p-Dimethoxybenzene 



(a) Singlet 8 4.8 [1H] 

(b) Multiple! 5 6.8 [4H] 

(c) Singlet 5 3.9 [3H] 



(a) Singlet 5 3.75 [6H] 

(b) Singlet 5 6.8 [4H] 



1 
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The reactions that take place are the following: 



HOCH, 



HO 



nJ V — ""y u* 



HOCH, 



H + ,H,Oor 



i-glucosidase uq 



°\ OH 



Arbulin 



OH 



(CH,),S0 4 (xs) 
Off 



OH X 

D-Glucose Hydroquinone 




CH-,0 



CH,OCH, 




OCH, 



O s OH 



OCH, 



HO 



OCH, 



OCH, 



2,3,4,6-Tetra-O-rnethyl-D-glucose ^-Methoxyphenol 

(CH,),SOj /p=^\ 

p-Methoxyphenol — > CH 3 -((jy-OCHj 



OH" 



p-Dimethoxyberizene 

22.40 Aldotetrose B must be D-threose because the alditol derived from it (D-threitol) is opti- 
cally active (the alditol from D-erythrose. the other possible D-aldotetrose. would be 
rneso). Due to rotational symmetry, however, the alditol from B (D-threitol) would pro- 
duce only two °C NMR signals. Compounds A-F are thus in the family of aldoses stem- 
ming from D-threose. Since reduction of aldopentose A produces an optically inactive 
alditol. A must be D-xylose, The two diastereomeric aldohexoses C and D produced from 
A by a Kiliani-Fischer synthesis must therefore be D-idose and D-gulose, respectively. E 
and F are the alditols derived from C and D, respectively. Alditol E would produce only 
three L 'C NMR signals due to rotational symmetry while F would produce six signals. 

22.41 There are four closely spaced upfield alkyl signals in the 13 C NMR spectrum (526.5, 
525.6. 524.9. 524.2), corresponding to the four methyls of the two acetonide protecting 
groups. (The compound is, therefore, the 1,2,5.6-bis-acelonide of mannofuranose, below,) 




! 

i 
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22.42 The final product is the acetonide of glyceraldehyde (below); two molar equivalents are 
formed from each molar equivalent of the 1 ,2.5.6-bis-acetonide of mannitol. 

O 
II 
H-C\ _0 



O 

s 22.43 The /3-anomer can hydrogen bond intramolecularly. as in: 
.O. 

H - CH, 




In contrast, the a-anomer can only hydrogen bond iiucrmolecularly. 




H + MsO 

0'M.s r\/\ 1-I 2 > H 




MsO 




[III] CH,OH 



H— C=0 



H- 
H- 
H- 



-H 

-OH 

-OH 



CH,OH 



V 
H OH 

V 

CH f 

+ HCOH 



CH,OH 



-OH 
-OH 
CH 7 OH 



IV 
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*22.45 (a) The proton at CI. (b) Because of the single neighboring hydrogen (at C2). 
(c and d). 

H 
-O . .^--C^ CH,OAc^-Q 



QUIZ 



AcO 




AcO 



OAc 




22.1 Supply the appropriate structural formula or complete the partial formula for each of 
the following: 



(a) 



A ketotetrose 



(b) 



CHO 

I 
-C- 

I 
-c- 

I 
-c- 

I 
-c- 

CH 2 OH 
AD-sugar 



(c) 



CHO 
I 

-c- 

I 

-C- 

I 

-c- 

CH 7 0H 



An L-sugar 



(d) 



An aldose 



CHO 



H- 

H- 

HO- 

H- 



-OH 
-OH 
-M 

-OH 



CH 2 OH 
D-Gulose 



(e) 



a-D-Gulo- 

pyranose 



(0 



P-D-Gulo- 
pyranose 



(g) 



The compound 
that gives the 
same osazone 
as D-gulose 



(h) 



The compound 
that gives the 
same aldaric 
acidasD-aulose 



22.2 Which of the following monosaccharides yields an optically inactive alditol 



on NaBH, reduction? 



HO- 
HO- 



H- 

H- 



CHO 

-H 

-H 

-OH 

-OH 
CH,OH 
A 



CHO 



CHO 



CHO 



HO- 
H- 

HO- 
H- 



-H 
-OH 
-H 
-OH 



H- 
HO- 
HO- 



-OH 
-H 
-H 
-OH 



HO- 
HO- 



HO- 



CH,OH 
C 



-H 
-H 
-H 
-OH 



Answer 



□ 



CHjOH 
D 
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22.3 Give the structural formula of the monosaccharide that you could use as starting 
material in the Kiliani-Fischer synthesis of the following compound: 




CHO 



Kiliani-Fischer . 
synthesis 



H- 
HO- 

H- 



-OH 
-H 
-OH 
CH,OH 



+ epimer 



22.4 The D-aldopentose, (a), is oxidized to an aldaric acid, (b), which is optically active. Com- 
pound (a) undergoes a Ruff degradation to form an aldotetrose, (cl, which undergoes ox- 
idation to an optically inactive aldaric acid, (d). Supply the reagents for these transfor- 
mations and the structural formulas of (a), (b), (c), and (d). 





22.5 Give the structural formula of the /3-pyranose form of (a) in the space just given. 
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22.6 Complete the following skeletal formulas and statements by filling in the blanks and 
circling the words that make the statements true. 

The Haworth and conformational formulas of the [3-cyclic hemiacetal 
CHO 



of 



HO- 
HO- 



H- 



-H 
-H 



H OH 



-OH 



D-Mannose 
This cyclic hemiacetal is 




(c) reducing, nonreducing; 



it gives an optically 



(d) active, inactive 



(e) aldaric, aldonic 



on reaction with Bp,/H.,0 
acid. On reaction 



with dilute HN0 3 it gives an optically 
acid. Reaction of the cyclic hemiacetal with 
optically 



(f) active, inactive 


(g) aldaric, aldonic 



(h) 



converts it into an 



(1) active, inactive 



alditol. 



22.7 Outline chemical tests that would allow you to distinguish between: 

CHO \ / CHO 

/ H- 
(a) Glucose 
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(bl Glucose and fructose | HO^ 
H 
H 




22.8 Hydrolysis of (+)-sucrose (ordinary table sugar) yields 

(a) D-glucose 

(b) D-mannose 

(c) D-fnictose 
(dj D-galactose 

(e) More than one of the above. 

22.9 Select the reagent needed to perform the following transformation: 



:h,oh 





OCH, 



OH OH 



(a) CH 3 OH, KOH 
(d) CH3OH, HCl 



OH OH 



O 
(b) (CH 3 c') 2 

(e) ;CH 3 0CH 3 ,HC1 



(c) (CH 3 ) 2 S0 4 , Off" 
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SOLUTIONS TO PROBLEMS 



23.1 (a) There are two sets of enantiomers, giving a total of four stereoisomers 

C0,H 

(CH 2 ) 7 

Br*^--H 



CO,H 

I 2 

(QH 2 ) 7 

H^^-Br 

I 

CH 3 



and 



(CH,) 5 
CH, 



erythro 



CO,H 

I 2 
(QH 2 ) 7 

H^-«flBr 

J 

Br*^^ 
(CH 2 ) 5 
CH, 



C0 2 H 
(CH 2 ) 7 

3 

H"|^Br 
(CH 2 ) 5 
CH, 



threo 



Formation of a bromonium ion at the other face of palmitoleic acid gives a result such that 
the threo enantiomers are the only products formed (obtained as a racemic modification). 

The designations erythro and threo come from the names of the sugars called erythrose 
and threose (Section 22.9A). 



23.2 




Zingiberene 
i sesquiterpene) 




p-Selinene 
(a sesquiterpene) 




Squalene 
(a triterpene) 




Caryophyllene 
(a sesquiterpene) 



(b) CH 3 (CH,) 3 



X. 



y 



(CH,) 7 CO,H 



+ Br, 



(a) 



r 



C'H 3 (CH,) 5 '""^ 
H 



Br *fCH 2 ) 7 CO,H 

C— C^-H " 
\ 
Br 

C&J& 

I 2 
(QH,) 7 

Ha^-^Br 

I 

Bi**' < |'^H • 

(CH 2 ) 3 

CH, 



CH 3 (CH 2 ) 5 ^ 




4 \ / V 
H Br H 



(b) 



~\ 



CH 3 (CH 2 ) 3 . 



H— C- 

/ 
Br 



-'^"»(CH 7 ) 7 CO,H 
H 



C0 7 H 

I " 

(CH,), 

BiW(2--H 

I 
H^^Br 

(6h 2 ) 5 

CH, 



{+)-threo-9, 1 O-Dibromohexadecanoic acids 



23.3 (a) 



(DO, 



(2) Zn, HOAc 



Myrcene 



H,C 

"I 

H,C 



HCH 

II 
O 

■f 

o 

II 

"CH 

II 

o 



II 

o 



(b) 



(DO, 



(2) Zn, HOAc 



O 

HC O' 

I 
H 7 C 



O 
HCH + H 3 C' 

CH, 

I 3 



O 

II 

,c v 



"CH, 



#* 



Limonene 



O 

II 

HCH 



Q? 



~CH 

I 

C. 



S 



"CH 2 

_CH 2 
[ 

"CH, 



(c) a-Farnesene 
(see Section 23.3) 



d)0 3 



(2) Zn, HOAc 



O 

II II II 

CH3CCH3 + HCCH 2 CH,CCH 3 
00 
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(1)0 3 
(d) Geraniol — — : — „_. . 

, * .. ,3 -,, (2) Zn, HOAc 
(see Section 23.3) 



(e) Squalene 

(see Section 23.3) 



(DO, 



(2) Zn, HOAc 



O 

II II II 

*" CH 3 CCH 3 + HCCH 2 CH,CCH 3 

J 

+ HCCH 2 OH 

I ? ? 

■*■ 2CH 3 CCH 3 + HCCH,CH 2 CH 

o o 

II II 

+ 4 CH 3 CCH,CH,CH 



23.4 (a) 




(b) 



+ CO, 



(+ further oxidation 
products) 




(O 




(d) 




(+ rearranged products) 

23.5 Br, in CC1., or KMn0 4 in H,0 at room temperature. Either reagent would give a positive 
result with aeraniol and a neaative result with menthol. 



23.6 



W CH, 




5a-Series 
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(a) 












H 


(e) 


tat, 








Ml 


H 






(e) 
H , 


CH 3 


H /5s 


Hfaj/ 




In 


\(a)\ 


* km 


H 

(a) 




H" 


7~H\ 











WH 



HW 



5(3-Series 



23.7 (a) 




Hr 0H 




23.8 



3(x-Hydroxy-5oc-androstan-17-one 17a-Ethynyl-17p-hydroxy-5(10)-estren-3-one 
(androsterone) (norethynodrel) 

CH, 
H / 3 

CH 3 i,„T^CH,CH 2 CH.,CH 

H 3 C S> ' CH, 




Ahsolute configuration of cholesterol 
(5-cholesten-3p-ol) 

23.9 Estrone and estradiol are phenols and thus are soluble in aqueous sodium hydroxide. 
Extraction with aqueous sodium hydroxide separates the estrogens from the androgens. 



23.10 (a) 




Br, 



CClj 




Cholesterol 



5a,6fS-Dibromocholestan-3rj-ol 
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H,0 



5a,6a-EpoxychoIestan-3p-ol 

(prepared by epoxidation 

of cholesterol; cf. Section 23.4G) 



H,Cr0 4 




OH 

Cholestan-3p,5cc,6|3-triol 





5a-Cholestan-3(3-ol 

(prepared by tiydrogenation 

of cholesterol; cf. Section 23. 4G) 



5a-Cholestan-3-one 




5a,6a-Epoxycholestan-3f)-ol 



6p-Bromochotestan-3p,5a-diol 



J 
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CH,OH O 

23.11 (a) CHOH + RCOH + R'COH + H 3 P0 4 + HOCH 2 CH 2 N(CH 3 ) 3 X~ 
CH 2 OH 



CH,OH 

I 2 
(b) CHOH + R 

CH,OH 



~COH + R'COH + H 3 P0 4 + HOCH,CH 2 NH, 



CH 2 OH 

(c) CHOH + CH 3 (CH 2 ), i CH,CH + R'COH + H 3 P0 4 
CH 2 OH 

* HOCH,CH,N(CH 3 ) 3 X~ 



23.12 (a) CH 3 (CHj), 6 CO,H + C,H 5 OH 
SOC1 



H\ 



CH 3 (CH,) l6 CO,C,H 3 + H 3 



C,H,OH 
> CH 3 (CH 2 ) I6 C0C1 — > CH 3 (CH 2 ) 16 C0 2 C,H 5 



CH 3 (CH 2 ), 6 C0 2 H 

(b) CH 3 (CH 2 ) 16 C0C1 (C ^ )iC0H > CH 3 (CH 2 ) 16 C0 2 C(CH 3 ) 3 

NH, 

(c) CH 3 (CH 2 ) 16 C0C1 -^> CH 3 (CH 2 ) 16 CONH 2 

(CH,),NH 



(d) CH 3 (CH,), s COCl 



-> CH 3 (CH,) 16 CON(CH 3 ), 



(e) CH 3 (CH 2 ) l6 C0NH 2 i^!Si> CH 3 (CH 2 ) 16 CH 2 NH 2 

Br, 

(f) CH 3 (CH 2 ) 16 CONHj ^p> CH 3 (CH,) 15 CH,NH 2 



(g) CH,(CH,), fi COCl 



LiAlH[OC(CH,) 3 " 



-> CH,(CH,) 16 CHO 



(h) CH 3 (CH 2 ), 6 C0 2 C 2 H 5 -^-> CH 3 (CH 2 ) 16 CH 2 0H - 

CH 3 (CH 2 ) I6 C0C1 - 

CH 3 (CH 2 ) 16 C0 2 CH,(CH,) 16 CH 3 

(i) CH 3 (CH 2 ) 16 C0 2 H g§ffi» CH 3 (CH 2 ) 16 CH 2 OH 

CH 3 (CH 2 ) 16 CO,C 2 H 5 -^-> CH 3 (CH 2 ), 6 CH 2 0H 

(j) CH 3 (CH 2 ) 16 C0C1 + (CH 3 ) 2 CuLi > CH 3 (CH 2 ) 16 C0CH 3 
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PBr, 
(k) CH 3 (CH,) 16 CH 2 OH ■-> CH 3 (CR,) 16 CH 2 Br 

(1) NaCN 



(1) CH 3 (CH 2 ) l6 CH,Br 



(2)H + , H 2 0, heat 



Br„P^ 



> CH 3 (CH 2 ) 16 CH 2 C0 2 H 



23.13 (a) CH 3 (CH 2 ) u CH 2 CO,H -^H* CH 3 (CH,) n CHC0 2 H 

Br 

(1) Off, heat 

(b) CH 3 (CH 2 ),,CHC0 2 H , > CHjtCH^nCHCCH 

PJ n-iU - | 

Br OH 

(1) NaCN 

(c) CH 3 (CH 2 ),,CHC0 2 H — > CH 3 (CH 2 ) n CHC0 2 H 

Br CN 

(1) NH-, (excess) 

(d) CH 3 (CH 2 )nCHC0 2 H - > CH 3 (CH 2 ) n CHC0 2 H 

I ~ (2) H I 

Br NH 2 

or CH 3 (CH 2 ) n C)HC0 2 " 
NH 3 * 

Br, 

23.14 (a) CH 3 (CH,) 5 CH =CH(CH,) 7 C0 2 H — ■* CH 3 (CH 2 ) 5 CHBiCHBr(CH 2 ) 7 C0 2 H 

(b) CH 3 (CH 2 ) 5 CH =CH(CH 2 ) 7 C0 2 H ~r> CH 3 (CH 2 ), 4 C0 2 H 



(c) CH 3 (CH 2 ) 3 CH=CH(CH 2 ) 7 C0 2 H 



m 

KMnQ, 



CH 3 (CH 2 ) g CHOHCHOH(CH 2 ) 7 C0 2 H 



HC1, 



23.16 (a) CH 3 (CH 2 ) 9 (CH 2 ) 7 C0 2 H CH 3 (CH 2 ) 9 H 

C=C and C=C 

/ \ / \ 

H H H (CH 2 ) 7 C0 2 H 

(b) Infrared spectroscopy 

(c) A peak in the 675-730-cm~ ' region would indicate that the double bond is cis: a 
peak in the 960-975-cm - ' region would indicate that it is trans. 

23.17 A reverse Diels-Alder reaction takes place. 




23.18 



(d) CH 3 (CH 2 ) 5 CH=CH(CH 2 ) 7 C0 2 H «*» CH 3 (CH 2 ) 5 CH 2 CHC1(CH 2 ) 7 C0 2 H 



ce-Phellandrene P-Phellandrene 

Note: On permanganate oxidation, the =CH, group of /S-phellandrene is converted to 
CO, and thus is not detected in the reaction. 

liq. NH, 
23.19 CH 3 (CH 2 ) 5 C=CH + NaNH 2 '-> CH 3 (CH 2 ) 3 C sCNa 



CH 3 (CH 2 ) 5 CHC1CH 2 (CH 2 ) 7 C0 2 H 



23.15 Elaidic acid is rra».s-9-octadecenoic acid: 



CH,(CH 2 ) 7 ^ H 

/ C=C \ 
H (CH 2 ) 7 C0 2 H 

It is formed by the isomerization of oleic acid. 



ICft(CH,) 7 CH,Cl w NaCN ,. 
— : ~ — - — ► CH 3 (CH,) 5 C=CCH,(CH 2 ) 7 CH 2 C1 > 

B 

eijICti^C sCCH.,(CH 2 ) 7 CH 2 CN K0H > CH 3 (CH 2 ) 3 C =CCH 2 (CH 2 ) 7 CH 2 C0 2 K 
C Hl ° D 

- J -^ CH 3 (CH ? ) 5 C=CCH 2 (CH 2 ) 7 CH,C0 2 H 2 > 

- J - ' Pd-BaSU 4 



CH 3 (CH 2 ) 5 CH 2 (CH 2 ) 7 CH 2 CO,H 

H H 

Vaccenic acid 



J 
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23.20 FCH,(CH,) 6 CH,Br + HC=CNa — * FCH-,(CH 2 ) 6 CH,C eeCH 
(l)NaNH, 



(2) I(CH,),Ci 



> FCH,(CH,) 6 CFI,CsC(CH,) 7 Cl 
G 



F 

NaCN v 



FCH,(CH,) 6 CH,CsC(CH 2 ) 7 CN ~ *°"> FCH,(CH 2 ) 6 CH 2 C =C(CH,) 7 C0,H 
H I 



FCH 2 (CH,) 6 CH,. (CH,) 7 CO,H 



23.21 




Here we find that epoxidation takes place at the less hindered a face (cf. Section 23.4G). 
Ring opening by HBr takes place in an anti fashion to give a product with diaxial 
substituents. 

23.22 (a) CHf=CH-CH=CH 2 

(b) OH (Removal of the a hydrogen atom allows isomerization to the more stable 
compound with a trans ring junction.) 

(c) LiAlH, 

(d) H 3 + and heat. (Hydrolysis of the enol ether is followed by dehydration of one 
alcohol group.) 

(e) HC0,C 2 H 3 , C,H 5 ONa 

(f) Os0 4 , then NaHS0 3 



(g) CH 3 CCH 3 ,H + 
(h) H„ Pd catalyst 



(i) H 3 + , H,0 

(j) HI0 4 

(k) Base and heat. (This reaction is an aldol condensation.) 

(1) and (m) Na,Cr0 4 , CH 3 CO,H to oxidize the aldehyde to an acid, followed by 

esterification. 

(n) H, and Pt. (Hydrogen addition takes place from the less hindered a face of the 

molecule.) 

(o), (p), and (q) NaBH, to reduce the keto group; OH , H,0 to hydrolyze the ester; 
and acetic anhydride to esterify the OH at the 3-position. 

(r) and (s) SOC1, to make the acid chloride, followed by treatment with (CH 3 ),Cd. 

CH, 
I 3 
(0 CH 3 CHCH,CH,CH,MgBr, followed by H 3 + . 

(u), (v), and (w) Acetic acid and heat to dehydrate the tertiary alcohol; followed by 
acetic anhydride to acetylate the secondary alcohol; followed by H,, Pt to hydrogen- 
ate the double bond. 



O 

II 



23.23 (a) CH 3 (CH 2 ) 4 CH 
NC(CH,) 6X Ji 



(b) C 4 H„Li 



(c) V^Br 



(e) Michael addition using a basic catalyst. 



H NO, 



23.24 First: an elimination takes place, 



II 







R 3 NCH,CH,CCH,CH 3 + NH-f > CH^CHCCHjCHj + R 3 N + NH 3 

Then a conjugate addition occurs, followed by an aldol addition: 




NH," 




O 

II 

CHpCHCCH,CH, 

(+H*) 



i 
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OH O 



OH O 



*23.25 CHj(CH,) p CHO P- CH 3 (CH,) n CHCH 2 COEt *- CH,(CH,),,CHCH,COH 

A ~B C 



o 

II 

OCCH, 



o 

II 

OCCH 



-> ch 3 (ch,) p chch,cooh ► ch 3 (ch,),.,chch,coci 

"d "e 

O 



OCCH 



I t 

■*» CH,(CH 2 ) 12 CHCH 2 C0CH 2 CH,N(CH 3 ) 3 CI" 

O 
Pahutoxin 



s 23.26 The reaction is an intramolecular transesterification. 



h— o: T^ OH 

"ho 

CI^CH^.-CT 
f O 



H-O. y OH + 



O— H 



^H-pOClO, 

1/ 



1)-H + 

2)+H + 




CH 3 (CH 2 ) 14 -k o 6f-i 



"OH 



-HOCIO 



OH 



\jocio 3 



(o , u; h 



QUIZ 



23.1 Write an appropriate formula in each box. 




A naturally occurring fatty acid 



A soap 




A solid fat 



An oil 




A synthetic detergent 



5a-Estran-17-one 



23.2 Give a reagent that would distinguish between each of the following: 
(a) Pregnane and 20-pregnanone 




i 
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(b) Stearic acid and oleic acid 



(c) 17a-EthynyI-l,3,5(10)-estratriene-3,17P-diol (efiiynylestradiol) and 1,3,5(10)- 
estralriene-3,17f5-diol (estradiol) 



23.3 What product would be obtained by catalytic hydrogenation of 4-androstrene? 




23.4 Supply the missing compounds: 



CH 3 (CH 2 ) 4 CH 2 Bi > 



(a) 



NaNH, 



(b) 



(c) 



(d) 



(1) KOH, H,Q, heal , 

(2) H 3 + 



(e) 



(0 



ICH,(CH,) 3 CH,Cl 



> CH 3 (CH 2 ) 5 C=C(CH 2 ) 7 CN 



-> palmitoleic acid 



23.5 The following compound is a: 




(a) Monoterpene 
(d) Triterpene 



(b) Sesquiterpene 
(e) Tetraterpene 



(c) Diterpene 



23.6 Mark off the isoprene units in the previous compound. 




23.7 Which is a systematic name for the steroid shown here? ' • 

(a) 5a-Androstan-3a-ol 

(b) 5|3-Androstan-3P-ol 

(c) 5o-Pregnan-3a-ol 

HU' *■ „ 

(d) 5(3-Pregnan-3P-ol » : 

(e) 5c<-Estran-3a-ol 



HO 1 




■,l 
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AMINO ACIDS AND PROTEINS 



SOLUTIONS TO PROBLEMS 

24.1 tm H0 2 CCH 2 CH 2 CHC0 2 H 

NH, + 



(b) ~0 2 CCH 2 CH 2 CHCO, 



( c ) HO,CCH,CH,CHCO, predominates at the isoelectric point rather than 
NH 3 + 

~0,CCHiCH,CHCO,H because of the acid-strengthening inductive effect of the 



'I 



a-aimmuin group. 



(d) Since glutamic acid is a dicarboxylic acid, acid must be added (i.e.. the pH must be 
made lower) to suppress the ionization of the second carboxyl group and thus achieve the 
isoelectric point. Glutamine, with only one carboxyl group, is similar to glycine or phenyl- 
alanine and has its isoelectric point at a higher pH. 



24.2 The conjugate acid is highly stabilized by resonance. 



NH 
- II -- 
R-NH-C-NH, 



R-NH-C-NH, 



24.3 (a) 



o 

CH 3 CH 2 ONa 



NK + BrCH(C0 2 C 2 H 5 ), 
O 




C0 2 C 2 H 5 



^ C0 2 C 2 H 5 



NH, 
- [** 
R-NH-C=NH, 

NH, 
< — > R-NH=C-NH, 



(f^)J^N-CH(C0 2 C 2 H 5 ) 2 
O 
NaOH _ 






CO, 



HCI 



C-NHC-CH 2 CH(CH 3 ) 2 



^ (CH 3 ) 2 CHCH 2 qHC0 2 " + CO, 



NH, 



CO, 



DL-Leucine 



0: C0,H 




(b) [Qj^N-CH(C0 2 C 2 H 5 ) 2 



CH,CH,ONa 
GH,I 




DX>i 



C0 2 C,H 5 



-CH, 



O 
CO," 



CO,CH 5 



NaOH , 
heat 



HCI 



C °2 tS* CH 3 CHC0 2 " + CO 



C-NHC-CH. 



6' 



i 

CO, 



NH 3 
DL-Alanine 







CH,CH,ONa 



QH 5 CH : 



CO,C,H 5 




HCI, 



t-NHC-CH,C 6 H 5 



W* C s H 5 CH,CHCO, + CO, 



NH 3 
DL-Phenylalanitie 



^s^ 



CO,H 



\-^CO,H 





XL NH, 



[-1,0* 



24.4 (a) C 6 H 5 CH,CH ~ > C 6 H 5 CH 2 CHC=N -^— *- C 6 H 3 CH,CHCO, 



Phenylacetaldehyde 



NH 2 NH 3 + 

DL-Phenylalanine 

O O 

II base II NH, 
(b) CH,SH + CH,=CH— CH ► CH,SCH,CH,CH M> 

3 2 3-2 HCN 



CH 3 SCH,CH,CHC=N 

NH, 



-> CH,SCH,CH,CHCO,- 

NH, + 
DL-Methionine 



24.5 Because of the presence of an electron-withdrawing 2,4-dinitrophenyl group, the labeled 
amino acid is relatively nonbasic and is, therefore, insoluble in dilute aqueous acid. The 
other amino acids (those that are not labeled) dissolve in dilute aqueous acid. 
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24.6 (a) h 3 NCHCONHCHCONHCH 2 C0 2 " 
CHCH, CH, 
CH 3 Val'Ala-Gly 



NO, 
0,N-<0>-F 
HCO," 



NO, 



NHCHCONHCHCONHCH,CO, _ -^> 

heat 



CHCH, CH, 
I 3 3 

CH, 



NHCHCO,H + CH3CHCO," + H 3 NCH,CO, 

no, ? HCH 3 **»* 

CH 3 Alanine Glycine 

Labeled valine 
(separate and identify) 



\0/ NH "*■ ~ NiH -CHCO-NHCHCO- NHCHCOf 
OH, CHCH, €«3 



H\ 



CH, 



I 
CH, 



N X NH 

\ / 
,C— CH 

O 5 

u CH 2 CH,SCH 3 

Phenylthiohydantoin 
derived from methionine 



CH, 

CH 2 

NH 

C=NH 

NH, 



+ H,NCHCO-NHCHCO,- 
CHCH 3 ("H, 
CH 2 CH 



CH 3 



CH, 
NH 

NH 3 + 



NH 
C=NH 



(b) o,n^Q)knhchco,h + o,n-YQVnhch,ch,ch,ch,chcoj 

( CHCH, L. NH, + 



Mo, c r HCH3 

" CH 3 
a-Labeled valine 



NO, 
e-Labeled lysine 



+ H 3 NCH,CO, 
Glycine 



Phenyl isothiocyanate 



N=C=S + H,N -CHCO-NHCHCO- NHCHCO," 

CHCH 3 CH 2 



CH 2 . 

CH, 
I " 
S 
I 
CH 3 



CH, 



I 



CH 3 



CH, 

I - 
CH 2 

NH 

C=NH 
I 
Met-Ile-Ara NH ' 



OFT 



(D 



©-*= 



(2)H + 



■fclofr 



I 

N' X NH 
.C— CH 



0' 



\ 



CHCHX'H, 



CH 3 

Phenylthiohydantoin 
derived from isoleucine 



H,N-CH-C07 
I - 

CH 2 

r 

CH, 
NH 

C=NH 

I 
NH 3 + 



24.8 (a) Two structures are possible with the sequence Glu=Cys-Gly. Glutamic acid may be 
linked to cysteine through its a-carboxyl group, 

HO,CCH,CH,CHCO -NHCHCO-NHCH,C0; 
NH 3 + CH,SH 

or through its y-carboxyl group, 

H 3 NCHCH,CH 2 CO -NHCHCO-NHCH,CO; 



I 
CO, 



I 
CH,SH 



(b) This result shows that the second structure is correct, that in glutathione the y-car 
boxyl group is linked to cysteine. 
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24.9 We look for points of overlap to determine the amino acid sequence in each case. 

(a) Ser ■ Thr 

Thr • Hyp 
Pro • Ser 

Pro • Ser • Thr • Hyp 

(b) Ala • Cys 

Cys • Arg 

Arg • Val 
Leu ■ Ala 

Leu • Ala • Cys • Arg • Val 

24.10 Sodium in liquid ammonia brings about reductive cleavage of the disulfide linkage of 
oxytocin to two thiol groups; then air oxidizes the two thiol groups back to a disulfide 
linkage: 



R 
I 
CBL 

I 2 

S 

R 



Na 



R 

CH, 

SH 



R 



SH 
I 

R 



Q 



0, 



s 
I 

CH 2 



OH" 



24.11 H 3 NCH 2 CO,- + (CH 3 ),COCOC(CH 3 ), 
Glycine Di-rert-butyl 

carbonate 



II (1)(G,H,),N 
(CH ,)X'-OCNHCH,CO,H ?-P > 



Boc-Gly 



(2)ClCO,C,H 5 





II II II 

(CH 3 ) 3 COCNHCH,COCOC,H 3 

Mixed anhydride 



HjNCHCOf 

CHCH, 

i 

CH, 

Valine 

1 

-CO,, -C\H 5 OH 



HjNCHCQ," 

CH 3 
II II II II Alanine 
(CH,),COCNHCH,CNHCHCOCOC,H 5 -* 



I 
Mixed anhydride qh 



HCH, 







(CH 3 ) 3 COCNHCH,CNHCHCNHCHCO,H 



I 
HCH, CH, 



CF 3 C0 2 H i 

CH 3 CO,H ' 
25°C 



CHC 
Boc-GlyVal-Ala CH 3 

O 

+ II II 

(CH 3 ),C-CHj + C0 2 + H 3 NCH 2 CNHCHCNHCHC0 2 

CHCH 3 CH 3 

CH, 



GlyVal-Ala 



O 



OH" 



24.12 (a) 2 C 6 H 5 CH 2 0CC1 + H 2 NCH 2 CH,CH 2 CH 2 CHCO,- ~" o \ > 
Benzyl chloro- . , " I 25 ° C 

formate L >' sine NH 2 



C 6 HjCH,OCNHCH 2 CH,CH,CH,CHCO,H ^SSMIJ > > 
652 2 2 - ~\ 2 (2)C1C0,C,H 3 

NH 



O 



C 6 H 5 CH 2 OC=0 
O O 



CHjCH 2 CH— CHCO," 

l: ■'■ II CH, NH, + 

C 6 H5CH,OCNHCH,CH,CH 7 CH,CHC— 0-C— OC,H, l s > 

b s " " " " - | ~ D -CO,, -C,H 5 OH 

NH 



1 



C 6 H 5 CH 2 OC=0 

s 



HBr 



C 6 H 5 CH 2 OCNHCH 2 CH 2 CH 2 CH 2 CHCNHCHC0 2 BijCOH 



NH CHCH 3 
C 6 H 5 CH 2 OC=0 CH 2 



cold 



O 

M II (1)(C,H,),N 

(CH 3 ) 3 COCNHCH 2 CNHCHC0 2 H (2)ClC0 ^ H * 

CHCH 3 

Boc-GlyVal CH 3 




2 C f ,H 5 CH,Br + 2 CO, + H 3 NCH,CH 2 CH,CH,CHCNHCHCO," 

NH, CHCH 3 
CH, 



Lys-Ile CH 3 



1 
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NH 



OH" 



(b) 3 C 6 H 5 CH,OCCl + H,NCNHCH 2 CH,CH,CHC0 2 - 

NH 2 

O NH 

II II (1)(C,H,),N 

C 6 H 3 CH 2 0CNHCNCH,CH,CH 2 CHC0 2 H (2) c ,c 0i c,H- ^ 

C=0 NH 

I I 

C 6 H 5 CH,0 C=0 

C 6 H 5 CH 2 



O NH 



O O 



C f H,CH,OCNHCNCH,CH,CH,CHCOCOC,H 5 



CH 3 CHCO, 

NH, + 



c=o 

I 



I 



-CO,, -C,H 5 OH 



NH 
I 
C 6 H 5 CH,0 C=0 

C 6 H 5 CH,0 

O NH O 



HBr 



C,H,CH,OCNHCNCH,CH,CH,CHCNHCHCO,H , lx 
3 j - - - I I - CH 3 CO,H 

C=0 NH CH, cold " 

I I 3 

C 6 H 5 CH : C=0 

C 6 H 5 CH 2 

NH 
II 
3C 6 H 5 CH,Br + 3 C0 2 + H 3 NCNHCH 2 CH 2 CH 2 CHCONHCHC0 2 - 



NH 2 CH, 



Arg'Ala 



24.13 The weakness of the benzyl-oxygen bond allows these groups to be removed by catalytic 
hydrogenolysis. 



24.14 (a) An electrophilic substitution reaction: 

:h,ch - 

BF, 
+ CH 3 OCH,Cl ~> 



CH 2 CH - 

lb 



CH,C1 



+ CH 3 OH 



24.15 ^J)-CH,CI + H0CCHNHC0C(CH 3 ) 3 1. Add Boc-Ala. 



base 



CH, 





.11... _.LL 



l J)-CH 2 OCCHNHCOC(CH 3 )3 
CH 3 



CF,CO,H, CH,C1, 



O 



CH,OCCHNH, 
CH, 



O O 

n 11 

HOCCHNHCOC(CH,), 
™ 2 C 6 H, 
and 
dicyclohexylcarbodiimide 



OOO 

II II II 

CH,OCCHNHCCHNHCOC(CH 3 ) 3 
CH 3 CH, 



CF 3 CO,H,CH,CI 2 



O 

CH,OCCHNHCCHNH, 



CH 3 CH, 



o 
II 



o 
II 



2. Purify by washing. 

3. Remove protecting group. 

4. Purify by washing. 

5. Add Boc-Phe. 



6. Purify by washing. 



7. Remove protecting group. 



8. Purify by washing. 



HOCCHCH,CH,CH,CH,NHCOC(CH 3 ) 3 
NH 
0=COC(CHj) 3 

and 
dicyclohexylcarbodiimide 



9. Add protected Lys . 



(b) The linkage between the resin and the polypeptide is a benzylic ester. It is cleaved 
by HBr in CF 3 C0,H at room temperature because the carbocation that is formed initially 
is the relatively stable, benzylic cation. 
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CH,OCCHNHCCHNHCCHNHCOC(CH 3 )3 
III 
CH, CH, CH, 

I - I - 10. Purify by washing. 

C 6 H 5 <^H 2 

CH, 

NH^OC(CH 3 )3 
O 



CF,C0,H,CH : C1, 





CH 2 OCCHNHCCHNHCCHNH, 

CH 3 fH, CH, 

C 6 H, CH, 

CH : 

CH 2 

NH, 



Remove protecting groups. 



12. Purify by washing. 



I 



HBr. CF,CO,H 



13. Detach tripeptide . 





, ~VcH,Br + "OCCHNHCCHNHCCHNH, 14. Isolate product. 
W - | | l 

CH, CH, C'H, 

C 6 H 3 1^ 



Lys-Phe-Ala + NH 3 
24.16 (a) Isoleucine, threonine, hydroxyproline, and cystine. 



(b) 



H 3 N- 

CH,- 



CO, 
-H 

-H 



CO, 



and H 3 N- 
H- 



-H 
-CH 



CH 3 



CO, 



-H 
-OH 



HO- 



CH, 



Ctt, 
CH 3 

CO," 
-H 
-H 

CH, 



CO, 



CO, 



H,N — 
7 

\ 

OH 



-H 



and 



/ 
CH 2 0H/ CH 2 

I 



(With cystine, both stereocenters are a-carbon atoms; thus, according to the problem, both 
must have the L-configuration, and no isomers of this type can be written.) 

(c) Diastereomers 
24.17 (a) Alanine 



CH3CHCO," + HONO 
NH 3 + 



CH 3 CHCO,H + N, 
OH 



(b) Proline and hydroxyproline. All of the other amino acids have at least one primary 
amino group. 



Br 



(O 



hoYQVch 2 chco 2 - (d) (QVch,chco,c 2 h 



B/ ^3 + 



NH 3 + 



( e ) CHjCHCOj" 
NH 

c=o 

I 



24.18 (a) 



CO, 



HC1 + 

H > H,N- 



CH,OH 
(-)-Serine 



CH,OH 



CO,CH 3 
— H C f 
CH,OH 



PCI 5 



> H 3 N 



A 
(C 4 H 10 ClNO 3 ) 



CO,CH 3 

— h cr 

CH,C1 

B 

(C 4 H 9 C1 2 N0,) 



(1)H,0 + ,H,0. heat U 9°2 

2 ► H,N— r— H 



(2) OH" 



C 

(C 3 H 6 C1N0 2 ) 



CO 

Na-Hg * I 2 

£-► H,N— r-H 

dU. H 3 0* 3 I 

CH 3 

L-(+)-Alanine 



A' 
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(b) B -^> H,N- 



CO,CH 3 

H -^H> H ,N 



D 

(C 4 H a ClNO,_) 



CO,CH 3 
— H 
CH,SH 

E 

(C 4 H 9 NO,S) 



24.20 We look for points of overlap-. 



(1) H 3 0*, H,0, heat 

(2) OH' 



CO,r 

> H 3 A-J-H 
CH 2 SH 
L-(+)-Cysteine 



<• S 0n - NaOBr.Off . 

(c) H 3 N-^H Hofmann > 

CH,CNH, rearrangement 



L-(-)-Asparagine 

O 



CO, 

E,N— I— I « 
CH,NH, 

F 

(C 3 H 7 N,0,) 



NH, 



CO, 
H 3 N— |— H 

CH 2 C1 

C 

[from part (a)] 



NaOGH, 



24.19 (a) CH 3 CNHCH(C0 2 C,H 3 ), + CHpCH-C=N — m 

(95% yield) 

CO,C,H 5 

GfLCNH-C-CH^CsN concd ~~- > HO,CCH,CH,CHCO,~ 
1 rerlux on - ~ ' l + " 

(66% yield) NH 3 



CO,C,H 5 



DL-Glutamic acid 
+ CH 3 C0 2 H + 2 C 2 H 5 OH + NH 4 + + CO, 



O CO,C,H 5 " H N . 

( b) CH 3 CNH-C-CH : CH 2 C=N ^^~ > 
CO,C,H, (90% yield) 



" CO,C,H 5 
CH 3 CNH -C-CH,CH,CH,NH, 
CO,C,H, 



C,H,0,C CH,CH, 

-GH,OH - i - \ / " --, conc d. HC1 + 

• C - / CH ^ ^H^Th^ H 3 NCH 2 CH 2 CH 2 CHC0 2 

(97% yield) r f NH,' 



/ \ 



/ 



CH 3 CNH C— Ni-' 



H 



CI 
DL-Omithine hydrochloride 

+ CH 3 CO,H + C 2 H 5 OH + CO, 



Ara e 



Phe • Ser 
Pro • Gly " Plie 
Pro 1 Pro Ser • Pro • Phe 

Pro Phe • Arg 



Ar»« Pro • Pro • Glv • Phe • Ser • Pro • Phe • Arg 

V_ —^ - 

Bradykinin 

24.21 I. This experiment shows that valine is the N-terminal amino acid and that valine is at- 
tached to leucine. (Lysine labeled at the e-amino group is to be expected if lysine is not 
the N-terminal amino acid and if it is linked in the polypeptide through its a-amino 
group. ) 

2. This experiment shows that alanine is the C-terminal amino acid and that it is linked 
to glutamic acid. 

At this point, then, we have the following information about the structure of the 
heplapeplide. 

Val • Leu (Ala. Lvs. Phe)Glu - Ala 



The sequence here is 
unknown 

3 (a! This experiment shows that the dipeptide. A, is 

Leu • Lys 

(b) The carboxypeptidase reaction shows that the C-terminal amino acid of the 
tripeptide. B, is glutamic acid: the DNP labeling experiment shows that the N-termi- 
nal amino acid is phenylalanine Thus, the tripeptide B is 

Phe- Ala "Glu 

Putting these pieces together in the only way possible, we arrive at the following amino 
acid sequence for the heptapeptide. 

Val ■ Leu 

Leu • Lys 

Phe • Ala • Glu 

Glu • Ala 



Val • Leu • Lys • Phe • Ala • Glu ■ Ala 



24.22 At pH 2-3 the y-carboxyl groups of polyglutamic acid are uncharged. (They are present 
as-CO,H groups.) At pH 5 the y-carboxyl groups ionize and become negatively charged. 
(They become y-CO," groups.) The repulsive forces between these negatively charged 
groups cause an unwinding of the a, helix and the formation of a random coil. 
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24.23 The observation that the 'H NMR spectrum taken at room temperature shows two differ- 
ent signals for the methyl groups suggests that they are in different environments- This 
would be true if rotation about the carbon-nitrogen bond was not taking place. 



5 8.05 H 



CH, 5 2.95 



\ / 

C— N 

/ X CH, 5 2.80 

We assign the S 2.80 signal to the methyl group that is on the same side as the elec- 
tronegative oxygen atom. 

The fact ttiat the methyl signals appear as doublets (and that the formyl proton sig- 
nal is a multiple!) indicates that long-range coupling is taking place between the methyl 
protons and the formyl proton. 

That the two doublets are not simply the result of spin-spin coupling is indicated 
by the observation that the distance that separates one doublet from the other changes 
when the applied magnetic field strength is lowered. [Remember! The magnitude of a 
chemical shift is proportional to the strength of the applied magnetic field, while the mag- 
nitude of a coupling constant is not] , 

That raising the temperature (to 1 1 1°C) causes the doublets to coalesce into a sin- 
ale signal indicates that at higher temperatures the molecules have enough energy to sur- 
mount the energy barrier of the carbon-nitrogen bond. Above 1 1 PC. rotation is taking 
place so rapidly that the spectrometer is unable to discriminate between the two methyl 
groups. 



|: 24.24 



O 



O 



(a)HO-C-CH(CH,) n -S— etc. H _ Q _ H > HO-C-CH(CH,) n -S-etc. 
H,N: ■"'" ^ " 



H,N+ 



+ :o=c=n- 



■ •/ 

:N 
I 
H 



C=0 



+H + and 
-H + 



O 



-CH(CH,)_— S — etc. +H + , 
H— N" I < 



r-* 



HO — C— CH(CH,) n — S— etc. 

NH 



"** H,N-C. 



CI, + #f H— 0— H 

(b)B(n = lor2) = — > R— S-rS— R =*t > R— S + S— R 

K ' (-CD [W -H + | [ 

CI CI OH 



H— O— H 



CI, 



+ n 

R— S— CI 
CI 



H-O-H v_hcI 



CI, 
(-CD 



CI 



R— Sf-Cl < *— R— S— CI < r- R— S— Cl 

|| + (-CD || -H + | 

o o Co^ H 

l-HCl 



X 



H^ 


K 

R— S— Cl 

O 



O 

-> R— S— Cl 

II 

o 




o, 



M 



H— N N— H 

I 





v 

:S-rCl 



f 



\ 



o 
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QUIZ 



SO, 



*24.25 O. 





(By pyridine displacement of the sulfonylo.xy 
group of the initially fanned ethyl ester.) 



H— N N— H 

Y 

o 



N- 

I 

Et 



*24.26 (a) A large difference in the solubilities of the (S,S) and (S,R) diastereomers. 

(b) Le Chatelier's Principle, which says that an equilibrium system will try to produce 
more of any species that is removed (here by crystallization). 

(c) Hydrogenolysis of benzyl groups, in both instances (one is preceded by simple hy- 
drogenation of the ketone carbonyl group). 



24.1 Write the structural formula of the principal ionic species present in aqueous solutions 
at pH 2, 7, and 12 of isoleucine (2-amino-3-methylpentanoic acid). 

At pH = 2 AtpH = 7 AtpH=12 



(a) 



(b) 



(c) 



24.2 A hexapeptide gave the following products: 
°2 nh O)~ F 



Hexapeptide - 



HCO 



NO, H,0* 

> — ■ — ► O. 



N0 2 fi-OH I g-Cffl 
\ 



= Proline (Pro) 

3WHC1, 100°C 
Hexapeptide ► 2 Gly, 1 Leu, 1 Phe, 1 Pro, 1 Tyr 

1JVHC1, 80°C • 
Hexapeptide > Phe'GlyTyr +• GlyPhe'Gly + Pro«Leu«Gly 

+ Leu-GlyPhe 
The structure of the hexapeptide (using abbreviations such as Gly»Leu«etc.) is 
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SOLUTIONS TO PROBLEMS 

25.1 Adenine: 

NH, 

CO - 

H 
Guanine: 



Nil 



co"- 



n >r 



OH 



H 

Cytosine: 
NH, 



N 
<' \ 

V 

H 




I 
H 



NH 

H 

n' 

N^O 
I 
H 



Thymine (R=CH 3 ) or Uracil (R=H): 





^ V 

N^-0 
I 
H 



OH 







NH 




N"%T 
H H 



and so on 



OH 



■ ji i <=^ ej f «=^ f ji I < 

'n-"Hi ; nh 2 n-^n^^jh, n^n-'Sjh 



/' T| *f < ft and so on 



NH 



I 
N OH 



OH 

N 
N OH 



:*! and so on 



and so on 



25.2 (a) The nucleosides have an /V-glycosidic linkage that (like an 0-glycosidic linkage) is 
rapidly hydrolyzed by aqueous acid but is one that is stable in aqueous base. 



i 
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(b) HOH,C _ N 






HOH,C £\ TW 



OH 

Nucleoside 



HOHjC * 



-H 



OH 



-HO 



OH 



I 

H 
Heterocyclic 

base 



+H,0 



HOH,C 



H 2 HOH 2 C 



+H* 



OH 



H 

( I 

C=0 
J 



OH 



OH 
Deoxyribose 



OH 



25.3 The reaction appears to take place through an S N 2 mechanism. Attack occurs preferen- 
tially at the primary 5'-carbon atom rather than at the secondary 3'-carbon atom. 



25.4 C 6 H 5 CO,H,C 




Michael . 



HC^ ~""NH 
„lU7 r—Cl addition 

OOCC 6 H 5 c 2 H 5 OC,H 5 





II 

H 2 <T NH 



amide 



rlin Au^r'-Ln formation 

L,H 5 0-CH_( C-0 iqpfBI C 2 H 5 





25.5 (a) The isopropylidene group is part of a cyclic acetal and is thus susceptible to hydrol- 
ysis by mild acid. 

(b) It can be installed by treating the nucleoside with acetone and a trace of acid and by 
simultaneously removing the water that is produced. 



HOH,C 



base 



OH OH 



H 3 C 



O 
II 



HOH 2 C 



TH, 



-H,0 



base 



V 



25.6 (a) Cordycepinis HOCH, O Ad 




(3 '-Deoxyadenosine) 



(b) HOCH, o Ad 





II 
CI— S— O— CH, n Ad 



SOCI, 



H OH 



O 

II f\ 
CI— S— O— CH, ^n Ad 
"Et 




SO,, -HC1 




-SO,, 

-cr 



HOCH, O Ad 




HOCH, o Ad 



H, 



„.H EIS /U 

1 \ l/H RaneyNi 

HO H 




HO H 

2'-Deoxyadenosine 



1 
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34 A „ lCT l0 m _ 

25.7 (a) 6 X I0 9 base pairs X — — — X 5 =2m 

1 base pairs A 

(b) 6 X 10-'~ — S — x 3 X 10 9 ova=1.8X 10'- g 
ovum 

N OH -.0' CH 3 

25.8 w f yi Y\ 

N-7/ N: H-N X ) 

NH --0. x 

A 

Lactim form Thymine 

of guanine 

(b) Thymine would pair with adenine and thus adenine would be introduced into the 
complementary strand where guanine should occur. 

25.9 (a) A diazonium salt and a heterocyclic analog of a phenol. 

NH 2 N, + ° H 

R 

^ vU 

; N Hypoxanthine 

R nucleotide 

H 

N 0/ H-N 

(b) r^Vj \ 

N^m-h------^^) 

\ 

Hypoxanthine Cytosine 



NUCLEIC ACIDS AND PROTEIN SYNTHESIS 535 



(c) Original double strand 



First replication 



h::-:~c 



Second replication P 



Errors 




a":::::.t 



I '1 No errors in 

G::::::C daughter strands 



25.10 




c 

/ ^ 


. 


H 

1 


— N 


f 






0.' 

N-H-- 



:N 








Uracil 


Adenine 










(in raRNA) 


(in DNA) 
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(a) 


UGG 


GGG 


UUU 


UAC 


AGC 


wRNA 




(b) 


Tyr 


Gly 


Phe 


Tyr 


Ser 


Amino acids 




(c) 


ACC 


CCC 


AAA 


AUG 


UCG 


Anticodons 


25.12 




Are 


He 


Cys 


Tyr 


Val 


Amino acids 




(a) 


AGA 


AUA 


UGC 


UGG 


GUA 


mRNA 




m 


TCT 


TAT 


ACG 


ACC 


CAT 


DNA 




(c) 


UCU 


UAU 


ACG 


ACC 


CAU 


Anticodons 



25.13 A chanae from C-T-T to C-A-T or a change from C-T-C to C-A-C. 
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536 



In Section 1 2B, we discussed briefly the pioneering work of Berzelius, Dumas, Liebig, 
and Cannizzaro in devising methods for determining the formulas of organic compounds. 
Although the experimental procedures for these analyses have been refined, the basic 
methods for determining the elemental composition of an organic compound today are 
not substantially different from those used in the nineteenth century. A carefully weighed 
quantity of the compound to be analyzed is oxidized completely to carbon dioxide and 
water. The weights of carbon dioxide and water are carefully measured and used to find 
the percentages of carbon and hydrogen in the compound. The percentage of nitrogen is 
usually determined by measuring the volume of nitrogen (N,) produced in a separate pro- 
cedure. 

Special techniques for determining the percentage composition of other elements 
typically found in organic compounds have also been developed, but the direct determi- 
nation of the percentage of oxygen is difficult. However, if the percentage composition 
of all the other elements is known, then the percentage of oxygen can be determined by 
difference. The following examples will illustrate how these calculations can be carried 
out. 



A new organic compound is found to have the following elemental analysis. 



Carbon 
Hydrogen 
Nitrogen 
Total: 



67.95% 
5.69 
26.20 
99.84% 



Since the total of these percentages is very close to 100% (within experimental error), we 
can assume that no other element is present. For the purpose of our calculation it is con- 
venient to assume that we have a 100-g sample. If we did, it would contain the following: 

67.95 g of carbon 
5.69 g of hydrogen 
26.20 « of nitrogen 
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In other words, we use percentages by weight to give us the ratios by weight of the 
elements in the substance. To write a formula for the substance, however, we need ratios 
by moles. 

We now divide each of these weight-ratio numbers by the atomic weight of the 
particular element and obtain the number of moles of each element, respectively, in 100 g 
of the compound. This operation gives us the ratios by moles of the elements in the 
substance: 

67.95 a 



C 



12.01 gmol- 

5.69 g 
1.008 gmol" 

26.20 g 

u.oi g mer 



= 5.66 rnol 
= 5.64 rnol 
= 1 .87 rnol 



One possible formula for the compound, therefore, is C 5 ()6 Hj f)4 N , S7 . 
By convention, however, we use whole numbers in formulas. Therefore, we con- 
vert these fractional numbers of moles to whole numbers by dividing each by 1.87. the 
smallest number. 

5.66 
1.87 



C 



= 3.03 which is ~3 



11 



5.64 
1.87 

1.87 
1.87 



3.02 which is -3 
1.00 



Thus, within experimental error, the ratios by moles are 3 C to 3 H to 1 N. and 
C,H,N is the empirical formula. By empirical formula, we mean the formula in which 
the subscripts are the smallest integers that give the ratio of atoms in the compound. In 
contrast, a molecular formula discloses the complete composition of one molecule. The 
molecular formula of this particular compound could be C,H,N or some whole number 
multiple of C,H,N; that is, C 6 H 6 N,. GjH„N,. C, : H| : N 4 , and so on. If. in a separate 
determination, we find that the molecular weight of the compound is 108 ± 3. we can be 
certain that the molecular formula of the compound is C 6 H 6 N n . 

FORMULA MOLECULAR WEIGHT 



C,H,N 
C f ,H 6 N : 
CjHpN, 
C n H,,N, 



53.06 

106.13 (which is within the range 108 
159.19 
212.26 



3) 



The most accurate method for determining molecular weights is by mass spec- 
trometry. A variety of other methods based on freezing point depression, boiling point el- 
evation, osmotic pressure, and vapor density can also be used to determine molecular 
weights. 
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EXAMPLE B 



Histidine, an amino acid isolated from protein, has the following elemental analysis: 



Carbon 

Hydrogen 

Nitrogen 

Total: 

Difference 



46.38% 
5.90 
27.01 
79.29 
20.71 (assumed to be oxygen) 



100.00% 



Since no elements, other than carbon, hydrogen, and nitrogen, are found to be present in 
histidine, the difference is assumed to be oxygen. Again, we assume a 100-g sample and 
divide the weight of each element by its gram-atomic weight. This gives us the ratio of 
moles (A). 

(C) 
X 2 = 5.98 ~ 6 carbon atoms 





(A) 




(B) 


46.38 
12.01 


= 3.86 


3.86 
1.29 


a 2.99 


5.90 
1.008 


= 5.85 


5.85 
1.29 


= 4.53 


27.01 
14.01 


= 1.93 


1.93 
1.29 


= 1.50 


20.71 
16.00 


= 1.29 


1.29 
1.29 


= 1.00 



X 2 



X 2 



9.06 ~9 hydrogen atoms 
3.00 = 3 nitrogen atoms 



2.00 



! oxygen atoms 



Dividing each of the moles (A) by the smallest of them does not give a set of numbers (B) 
that is close to a set of whole numbers. Multiplying each of the numbers in column (B) by 
2 does, however, as seen in column (C). The empirical formula of histidine is, therefore, 
QH^O-, 

In a separate determination, the molecular weight of histidine was found to be 
158 ± 5. The empirical formula weight of C 6 H 9 N,0 2 (155.15) is within this range; 
thus, the molecular formula for histidine is the same as the empirical formula. 



PROBLEMS 

A.1 What is the empirical formula of each of the following compounds? 



(a) Hydrazine, N 2 H 4 

(b) Benzene, C 6 H 6 

(c) Dioxane. C,H s O-, 



(d) Nicotine, C U) H H N-, 

(e) Cyclodecane, C| H 10 

(f) Acetylene, C,H : 



A.2 



The empirical formulas and molecular weights of several compounds are given next. In 
each case, calculate the molecular formula for the compound. 



EMPIRICAL FORMULA 

(a) CH,0 

(b) CHN 

(c) CCL 



MOLECULAR WEIGHT 

179 ± 5 

SO + 5 

410 ± 10 



A.3 The widely used antibiotic, penicillin G, gave the following elemental analysis: C. 57.45%; 
H. 5.40%: N, 8.45%; S. 9.61 %. The molecular weight of penicillin G is 330 ± 10. Assume 
that no other elements except oxygen are present and calculate the empirical and molec- 
ular formulas for penicillin G. 



ADDITIONAL PROBLEMS 

A. 4 Calculate the percentage composition of each of the followina compounds. 

(a) C 6 H,,0 6 

(b) CH,OTNO, 

(c) CH,CH,CBi : , 



A. 5 An organometallic compound called ferrocene contains 30.02% iron. What is the mini- 
mum molecular weight of ferrocene? 



A.6 A gaseous compound gave the following analysis: C, 40.04%; H, 6.69%. At standard tem- 
perature and pressure. 1.00 g of the gas occupied a volume of 746 mL. What is the mo- 
lecular formula of the compound? 



A. 7 A gaseous hydrocarbon has a density of 1.251 g L - ' at standard temperature and pres- 
sure. When subjected to complete combustion, a 1 ,000-L sample of the hydrocarbon gave 
3.926 g of carbon dioxide and 1 .608 g of water. What is the molecular formula lor the hy- 
drocarbon? 



A. 8 Nicotinamide, a vitamin that prevents the occurrence of pellagra, gave the following 
analysis: C. 59.10%: H. 4.92%; N. 22.91%. The molecular weight of nicotinamide was 
shown in a separate determination to be 120 ± 5. What is the molecular formula for 
nicotinamide? 



A. 9 The antibiotic chloramphenicol gave the following analysis: C, 40.88%: H, 3.74%: CI. 
21.95%: N, 8.67%. The molecular weight was found to be 300 ± 30. What is the mole- 
cular formula for chloramphenicol? 



I 
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SOLUTIONS TO PROBLEMS OF APPENDIX A 

A.1 (a) NH, (b) CH (c) C,H 4 (d) C 5 H 7 N (e) CH-, (f) CH 

EMPIRICAL 



A.2 



EMPIRICAL 
FORMULA 

(a) CH-,0 



(b) CHN 

(c) CCU 



/MOLECULAR WEIGHT \ .. nim ,. ,„ 

FORMULA MOLECULAR 

WEIGHT \ EMP. FORM. WT. / FORMULA 
179 



30 



37 



30 

80 

27 

410 
S3 



sfi 



C 6 H,,0 6 



C,H_,N 3 



= 5 



A.3 If we assume that we have a 100-g Sample, the amounts of the elements are 



A.4 



WEIGHT Moles (A) 



C 
H 
N 
S 
O* 



57.45 


5.40 


8,45 


9.61 


19.09 



57.45 
12.01 


= 4.78 


5.40 
1.008 


= 5.36 


8,45 
14.01 


= 0.603 


9.61 
32.06 


= 0.300 


19.09 
16.00 


= 1,19 



4.78 


0.300 


5.36 


0,300 


0.603 


0.300 


0.300 


0.300 


1.19 



100.00 
(* by difference from 100) 



0.300 



= 15.9= 16 
= 17.9= IS 
= 2.01 =2 
= 1.00= 1 
= 3,97 = 4 



The empirical formula is thus C l6 H, g N,S0 4 . The empirical formula weight (334.4) is 
within the range given for the molecular weight (330 ± 10). Thus, the molecular formula 
for penicillin G is the same as the empirical formula. 

(a) To calculate the percentage composition from the molecular formula, first determine 
the weight of each element in 1 mol of the compound. For C 6 H| : O fi . 



O, 



'6 " 

MW 



6 X 12.01 = 72.06 



12 x 1.008 = 12.10 



6 x 16.00 = 96.00 
180.16 



72.06 
180.2 

12.10 
180.2 

96.00 
180.2 



0.400 = 40.0% 



= 0.0671 = 6.7% 



= 0.533 = 53.3% 



(MW = molecular weight) 



Then determine the percentage of each element using the formula 
Weight of A 



Percentage of A = 



(b) C : = 2 x 12.01 = 24.02 

H, = 5 x 1.008= 5.04 

N = 1 x 14.01 = 14.01 

O, = 2 X 16.00= 32.00 



Molecular Weight 
24.02 



X 100 



75.07 
5.04 
75.07 
14.01 
75.07 
32.00 
75.07 



Total = 75.07 

(c) C, = 3 X 12.01 = 36.03 

H S = 5X 1.008= 5.04 

Br,= 3 x 79.90 = 239.70 

Total = 280.77 



36,03 
280.77 
5.04 
280.77 
239.70 
280.77 



= 0.320 = 32.0% 
= 0.067 = 6.7% 
= 0.187 = IS.7% 
= 0.426 = 42.6%. 

0.128= 12.8% 
0.018= 1.8% 
0.854= 85.4% 



A. 5 If the compound contains iron, each molecule must contain at least one atom of iron, and 
1 mol of the compound must contain at least 55.85 g of iron. Therefore. 

MW of ferrocene = 55.85 * — x 



mol 



0.3002 a of Fe 



= I86 



mol 



A.6 First, we must determine the empirical formula. Assuming that the difference between the 
percentages given and 100% is due to oxygen, we calculate; 

c «• »-» If- 

H 6.69 -if* l *« ^ ^ 2 

1 008 • 3.33 



O 



53 . 27 2221 = 3.33 HI = 
16.00 3.33 



100.00 
The empirical formula is thus CHiO. 
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To determine the molecular formula, we must first determine the molecular 
weight. At standard temperature and pressure, the volume of 1 mol of an ideal gas is 22.4 
L. Assuming ideal behavior, 



1.00) 



MW 



where MW = molecular weight 



0.746 L 22.4 L 

(1 0Q¥22 4) 
MW = ' M "" ; = 30.0 a 
0.746 r 

The empirical formula weight (30.0) equals the molecular weight; thus, the molecular for- 
mula is the same as the empirical formula. 

A.7 As in Problem A. 6. the molecular weight is found by the equation 



1.251 e 



1.00 L 



MW 

22.4 L 



MW = (I.251)(22.4) 
MW = 28.02 



To determine the empirical formula, we must determine the amount of carbon in 3.926 g 
of carbon dioxide, and the amount of hydrogen in 1.608 g of water. 



C ( 3.926-g-CO, 
H (1.608-eWt) 



12.01 gC 
44.01-g-eTX, 

2.016 gH 
18.01 6 £+W3 



1 .07 1 g carbon 



•■ ISO g hydrogen 
1.251 g sample 



The weight of C and H in a 1.251-g sample is 1.251 g. Therefore, there are no other ele- 
ments present. 

To determine the empirical formula, we proceed as in Problem A. 6 except that 
the sample size is 1.251 g instead of 100 g. 

= 1 



c '- 071 

12.01 


= 0.0S92 


0.0892 


0.0S92 


0.180 




0.179 


H 1.008 ' 


= 0.179 


0.0892 



A.9 
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4.92 

22.91 

13.07 
100.00 



4.92 



1.008 


22.91 


14.01 


13.07 



16.00 



:4.88 



1.64 



= 0.817 



4.SS 
0.817 

1.64 
0.817 

0.817 

0.817 



= 5.97 = 6 



The empirical formula is thus C 6 H f) N 2 0. The empirical formula weight is 122.13, which 
is equal to the molecular weight within experimental error. The molecular formula is 
thus the same as the empirical formula. 



C 



40 88 



3.74 



40.88 
12.01 

3.74 
1.008 



3.40 



= 3.71 



3.40 
0.619 

3.71 
0.619 



- 5.5 5.5 X 2=11 



= 6 



CI 



95 



8.67 



24.76 



2 1.95 

35.45 



8.67 
14.01 



24.76 



100.00 16.00 



.0.619 



: 0.619 



1.55 



0.619 
0.619 



0.619 
619 



1.55 
0.619 



6x2=1: 



I x 2 



1 X 



2.5 2.5 X 



The empirical formula is thus C n H |a CI 2 Ni0 5 . The empirical formula weight (323) is 
equal to the molecular weight; therefore, the molecular formula is the same as the empir- 
ical formula. 



The empirical formula is thus CH,. The empirical formula weight ( 14) is one-half the mo- 
lecular weight. Thus, the molecular formula is C-,H 4 . 



A. 8 Use the procedure of Problem A.3. 



C 59.10 



59.10 
12.01 



= 4.92 



4.92 
0.817 



= 6.02 = 6 




APPENDIX 
Answers to Quizzes 



CHAPTER 1 



1.1 (d), 1.2 (d), 1.3 (e), 1.4 (d), 1.5 (c) 1.6 H— C 



CBi 



,// 



JOt- 



1.7 CH 3 CHCH 2 CH 3 and CH 3 -C-CH 3 



1.8 



CH, CH 3 



H \J* H 



"'f^Cl 
CH 3 

1.9 (a) jp- (b) sp i (c) (d) trigonal planar (e) 

1.10 (a) +l (b) (c) -I 



1.11 



:0 
11 - 
H-C-N-H 
I 
H 



1.12 %p, % / C1 

-\ — ► 



CHAPTER 2 

2.1 m 2.2 (a) 2.3 (e) 

CH, 

l 



■I 
CH, 



544 



i f* 



2.4 (a) CH 3 CH,C-0H (b) CH 3 C~N 



CH 3 



Cl V 

(c) C= 

H 



H 

N ci 
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(d) H-C-O-CHj 



Cl N 
(e) C= 



„H 



(g) CH 3 CH-N 



o% 



CH, 



2.5 



□ 



(f) CH,OCH 2 CH 



3 w^u 2 v-ii 3 



2.6 (a) CH 3 CH 2 CH,OH 


(b) / N-H 



(c) CH 3 CH 2 COH 


(d) CH 3 OCH 2 CH 2 OH 



(e) CH 3 CH 2 CNHCH 3 




2.7 (a) Isopropyl phenyl ether 






(b) Ethylmethylphenylamine 




(c) Isopropylamtne 







CHAPTER 3 

3.1 (a) 3.2 (c) 3.3 (b) 3.4 (e) 3.5 (b) 

3.6 (b) 

3.7 H : S0 4 + NaF > NaHS0 4 + HF 



3.8 (CH,) : NH 

3.9 (a) CH 3 CH 2 U 

3.10 (a) CH,Li 



(b) D,0 

CH, 
(b) CH,CHCH,OH 



i 



CH, 
(c) CH,CHCH,OLi 



CHAPTER 4 

4.1 (c) 4.2 (c) 4.3 (b) 4.4 (a) 4.5 (b) 
4.6 (a) 4.7 (a) 
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4.8 (a) 




(b) 




Br 








H 






/ Br 




(c) 


H 






^Br 


4.9 


(a) 


H,, 


Pi 


or 


H,_, Ni 




(b) 


Zn, 


H+ 







CH 
I 
4.10 CH— CH 




CH, 



Br 



CHAPTER 5 

5.1 (a) 5.2 (b) 5.3 (b) 5.4 (e) 5.5 (b) 

-ir XT 

5.6 H 3 C^!^CH 1 CH3 and H 3 C^ f ^.CH,CH 3 

CH,CH,CH, / CH ^ 

* ' H,C CH 3 

H 

5.7 H,C. f _,CH,CH 3 5.8 CH 3 CH=CHCHCH,CH 3 

C " ' 



CH, 



CH=CH-, 

CHAPTER 6 

6.1 (b) 6.2 (b) 6.3 (a) 



CH, 



CH, 



I ' I J 

6.4 CH 3 CH,CH,CH,Br > CH3CHCH.Br > CH 3 CH 2 CHBr > CH 3 C-Br 

CH, CH 3 



6.5 A= Br— C.„ 



CH,CH, 
/ ' 3 



ill 



B = CH,CH,CH =CH, 



CH, 



CN 



QH 3 
C= Hk^^CH,OCH 3 D= H 3 C 

I 
CH,CH 3 




6.6 (b) 



CH,C = CH 



CH,Br 

[ I H, 

6.7 A = CH 3 CH,-C~CH 3 B = CH,CH,-C-CH 3 -^ 



H 



H 



CH,CH,CH 3 
C = CH 3 CH 2 — C—CH 3 
H 



CHAPTER 7 

7.1 
7.4 



(O 



7.2 (d) 7.3 (a) 



(a) Li, C,H 5 NH,. - 7S°C, then NH 4 C1 

(b) H,/Ni,B(P-2) or H,/Pd/CaCO, (Lindlar's catalyst) 

(c) H,/Ni or H,/Pt using at least 2 molar equivalents of H, 
<d) C,H 5 ONa/C,H 5 OH 

(e) (CH-^COKACH^COH 

(f) Zn/CH,CO,H or Nal/acetone 



CH, 



H 3 C, H 

7.5 CH 3 C=CHCH 3 > C=C V 



7.6 (a) CH 3 CHCH 2 Br 
Br 
(d) CH 3 C=CNa 



CH,CH 3 H 

(b) CH 3 C=CNa 
(e) CH 3 CH,Br 



,CBXH, 



H 



CHf=CHCH 2 CH 2 CH 3 
(c) CH 3 C=CH 
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CHAPTER 8 

8.1 (e) 8.2 (c) 8.3 (e) 8.4 (a) 8.5 (d) 8.6 (c) 
8.7 (e) 8.8 (b) 



CHAPTER 9 



CH, 



9.1 (a) CH3CCH3 
Br 



»<Qk 



CH 3 CH, 

(b) BrCH 2 CCH 2 Br (c) CHj=CCH 2 CCH 3 



Br 



I 'I 
CH, CH 3 



ft 



-CHjCCH, (e) CH 3 CH 2 C sCCH 2 N0 2 
9.2 (c) 9.3 (a) 



CHAPTER 10 



10.1 (d) 10.2 (b) 10.3 (c) 10.4 (b) 10.5 (c) 

CH, 
[ - 

10.6 CHjCHX'CH, 

10.7 Six 

10.8 (d) 



CHAPTER 11 

U.I (d) 11.2 (a) 11.3 <e) 

11.4 A = C 6 H 5 CH : ONa B = C (b H J CH : ,OCH : ,CH,OH 

C = C 6 H J CH : OCH,CH,OSO,CH, D = C ft H 5 CH,OCH,CH : OCH,CH, 

CHAPTER 12 

L2.1 (b) 12.2 (a) 

12.3 A= CH 3 C=CLi or CH,C=CMgBr 



f- 



B= NaH 



C= CH 3 I 



APPENDIX B ANSWERS TO QUIZZES 549 



12.4 A= (CH 3 ) 3 CCH 2 CH 2 OH 
B = PCC/CH 2 C1, 

O 
C = (CH 3 ),CCH,CH 



O O 

12.5 A= CH 3 CHCH 2 COR or CH 3 CHCH 2 CCH 3 
CH 3 CH 3 



CHAPTER 13 

13.1 (d) 13.2 (c) 13.3 (c) 13.4 (c) 13.5 (b) 



CHAPTER 14 

14.1 (e) 14.2 (a) 14.3 (b) 14.4 (b) 



14.5 <OV-CH 2 Cl 



14.6 Azulene 



CHAPTER 15 

15.1 (a) 15.2 (a) 15.3 (b) 

15.4 (a) A= S0 3 /H 2 S0 4 



C = H,0, H 2 S0 4 , heat D = 



(b) A = SOC1, or PC1 5 




+ A1C1 



C = Zn(Hg), HC1, reflux D = Br,/FeBr 3 
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CHAPTER 16 

16.1 m 16.2 (b) 16.3 (b) 

16.4 (a) A= <Y^Y>-CH 2 Br 



B = NaCN 



C (1) DIBAL-H, hexane, -78°C, ' (2) H 2 

(b) A= PCC, CH 2 C1 2 B= HOCH 2 CH 2 OH, H + C= H 2 0, H 3 + 





(c) A= (C 6 H 5 ) 3 P B = CH 3 CH 2 CH 2 — P(C(,H 5 ) 3 Br C = 



(d) A= (CH 3 ),CuLi 



B = HCN 



CHAPTER 17 



C = (1) LiAlH 4 
(2) H,0 







OH OH 

17.1 (a) CH 3 CH 2 CHCHCH (b) CH 3 CH 2 c'hCHCH 2 OH (c) CH 3 CH,CH =CCH 



CH 3 CH 3 CH 3 

(d) LiAlH 4 (e) H 2 , Ni (f) CH 3 OH (excess), H 4 " 


II 
(g) CH 3 CH 2 CH,CHCH(OCH 3 ) 2 (h) CH 3 CH 2 CH,CHCH 

CH, 



(0 (1) CH 3 CHBrCO,CH 2 CH 3 , Zn (2) H 3 + 



17.2 (a) <f^VcCH 3 (b) <f^C.-CH = CH<Q> M HCN 



17.3 (a. 





(c)(CH 3 ) 1 CuLi 



(e) Zn(Hg)/HCl 



17.4 (e) 17.5 (a) 
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CHAPTER 18 

18.1 (bi 

18.4 A 
B 

C 



18.2 id) 18.3 (d) 

3-Chlorobuianoic acid 
Methyl 4-nilrobenzoate 

A'-Methylaniline 



18.5 (a) A= (1) KMn0 4 , OH, heat 
(2) H 3 + 

ft 



B= SOC1, or PCI, 



, l VJ , v 

c= <oy c " N(CH ^ D= (Or 






ft 

CONa 



/ \ ° / \ ft / — \ 

E = <Q)-COCH 2 CH 3 F = (QrC-HH-<Q^ 



/ — \ 9 

(b) A= /Q\-c-A)ch 3 




B = CH^OH 




C= /QV-CONa 










/\xnh, 




/V CsN / 




^ II 


(c) A= \ J 


B = 


\J c - V 


J 


CHAPTER 19 








19.1 ffl) 19.2 (e) 19.3 


(b) 











O 

11 




COEt 
i 




COEt 

1 




19.4 (a) A = CHXI^CH 

1 


B = 
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O 
II II 
COEt COH 

1 I 

C = CH,CH,C — CH 2 CH 3 D = CH,CH,C— CH 2 CH, 



COEt 

II 
O 

CHuCH, 



COH 

II 




E = 



CH.CH, 



\ II 
CHCOH 
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(b) A= (Q)^H 



1 

c= (OH h - ch -^ oh 

H0 2 C CO,H 



B= <Om' h - ch -^ oei 
M ° 

EtO,C CO,Et 



(c) A: 



(d) A: 




Li + 



B = CH,CH,I 



B = CHf=CHCH,Br 



N 
I 
H 



C= ]i CH,CH=CH, Bf 



CHAPTER 20 

20.1 (d) 20.2 (e) 

20.3 (a) (2) (b) (4) fc) (3) 



20.4 (a) A = HN0 3 /H 2 S0 4 B = H 3 C YQVnO, C = NaNO,, 



HC1 



D = CuCN 



E = UA1H, 



(b) A=NaN 3 B = (Tj\-' C -x-fo= N . 

Br 
D= BiYQV-NH, 



F = (CH 3 ) 2 N^Q> 

e - <^nh : 



E = H 3 PO, 
Br 

20.5 (a) (2) (b) (21 <ci (I) 

CHAPTER 21 

21.1 la) 21.2 (b) 21.3 (b) 21.4 (e) 



21.5 (a) A= Br/O)-0H 



21.6 Br-U^)VoH + CH 3 Br 



21.7 (a) (!) ib) (I) 



B = KNH,, NH 3 , -33°C 



CHAPTER 22 



22.1 (a) CH,OH 
=0 

H OH 

CH,OH 



(d) CHO 
(CHOH),, 
CH 2 OH 
/!= 1.2,3... 



(b) CHO 

CHOH""! OH oil 



CHOH > eith 
1 CHOH 



I I side 



(c) CHO 

CHOH\ OH on 
CHOH J either 

ho-Uh side 



OH 
CH,OH 



(e) H ?CH 2 OH (0 H ?CH 2 OH 

i OH 

OH OH OH 
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(g) CHO 
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22.2 C 



CHjOH 

T 

? 
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22.5 
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OH 




HO- 
H- 
H- 



-II 
-OH 
-OH 
CO^H 
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22.6 (a) C OH HO 



HO 
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(b) 



HO 
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OH 
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CO,H 
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(d) Active (e) Aldonic (f) Active (g) Aide 
(i) Active 

NaBH, 
22.7 (a) Galactose - — > optically inactive alditol 

(b) HI0 4 oxidation > different products: 



OH (c) Reducing 
.aric (h) NaBH, 







ii II 

Fructose > 2 mol.HCH + C0 2 + 3 HC-OH 



II I] 

Glucose > ] mol HCH + 5 HC-OH 



22.8 (e) 22.9 (d) 



CHAPTER 23 
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O 



23.1 (a) CH 3 (CH 2 ) l2 CO,H 


(c) CH,OC(CH,) 12 CH 3 




CHOC(CH 2 ) 12 CH 3 

O 
CH,OC(CH,).,CH 3 



(e) CH 3 (CH 2 ) 13 S0 3 Na 



(b) CH 3 (CH 2 ) ]2 C-ONa 


(d) CH 2 OC(CH 2 ) 7 CH =CH(CH 2 ) 5 CH 3 


CHOC(CH 2 ) 7 CH =CH(CH 2 ) 5 CH 3 


CH 2 0C(CH 2 ) 7 CH =CH(CH 2 ) 5 CH 3 




23.2 (a) 1-,/OH" (iodofonri test) (b) Br : /CCI, (c) Ethynylestradiol only shows IR 

absorption at —3300 cm" 1 

23.3 DQ-Androstane 

23.4 (a) CH,(CH,) 4 CH ; C=CH (b) CH 3 (CH : ) 5 C=CNa 
(c) CH 3 fCH 2 ) 5 C=C(CH : ) 6 CH 2 Cl (d) KCN 

(e) CH 3 (CH-,) 5 C=C{CH 2 ) 7 C0 : H (f) H : /Pd 

23.5 Sesquiterpene 



23.6 




23.7 (e) 
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CHAPTER 24 



CH, 

24.1 (a) CH,CH,CHCHCO,H 

NH.r 

CH-, 
I ' 
(c) CH.,CH 2 CHCHC0 2 ~ 

NH 2 

24.2 Pro-Leu-GlyPhe-GIyTyr 



CH, 
(b) CH 3 CH 2 CHCHC0 2 
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Molecular Model Set Exercises 



The exercises in this appendix are designed to help you gain an understanding of the three- 
dimensional nature of molecules. You are encouraged to perform these exercises with a 
model set as described. 

These exercises should be performed as part of the study of the chapters shown 
below. 



Chapter in Text Accompanying Exercises 

4 1.3.4.5.6.8. 10. 11. 12. 14. 15. 16. 17. 18.20.21 

5 2. 7.9. 13, 24, 25.26. 27 
7 9, 19.22.28 

1 31 

3 23 

22 29 

24 30 

12 31 



The following molecular model set exercises were originally developed by Ronald 
Slarkey. 

Refer to the instruction booklet that accompanies your model set for details of 
molecular model assembly. 



EXERCISE 1 (Chapter 4) 

Assemble a molecular model of methane. CH 4 . Note that the hydrogen atoms describe 
the apexes of a regular tetrahedron with the carbon atom at the center of the tetrahedron. 
Demonstrate by attempted superposition that two models of methane are identical. 

Replace any one hydrogen atom on each of the two methane models with a halo- 
gen to form two molecules of CH,X. Are the two structures identical? Does it make a 
difference which of the four hydrogen atoms on a methane molecular you replace'.' How 
many different configurations of CH 3 X are possible? 



I 



